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ABSTRACT
Virtually all biological processes are under direct or indirect control of the
circadian system. Chronic disruption of circadian rhythms, termed chronodisruption, is
linked to increased risk for adverse health outcomes such as cancer, depression, and
cardiometabolic disease. Circadian rhythms are highly sensitive to sociocultural
contexts. As a result, circadian rhythms provide a valuable entryway to explore issues of
embodiment. Here, embodiment refers to processes through which social experiences
‘get under the skin’ to become biological and manifest in health. To better understand
what proximate social factors influence chronodisruption, this study assessed
chronodisruption and social zeitgebers among a population of 15 college students
(mean age = 24±7.10 years). Social zeitgebers are any persons, social demands, or
tasks that have the potential to influence an individual’s circadian rhythms. This
research used wearable devices, interviews, questionnaires, and a photo food journal
app to assess free-living circadian rhythms, measure social zeitgebers, and draw out
narratives concerning the cultural ecology of circadian rhythms. Chronodisruption was
linked to a flattened wrist temperature rhythm, irregular eating times, and greater
preoccupation with schoolwork and Light Emitting Device (LED) use before bed. Nearly
all participants, even those without chronodisruption, ate after 8:00 pm, skipped
breakfast, went to bed after midnight, and used LEDs after sundown. Blackout curtains
and class schedules that started at different times on different days were each identified
as potentially novel risk factors for chronodisruption. Conversely, hydration status and

viii

the university dining program were each identified as potential protective buffers against
chronodisruption. The insights generated by this study will help anthropology as a field
further delineate the health consequences of political, cultural, and socio-economic
influences on circadian rhythms. This information is critical for informing biocultural
perspectives and interventions for supporting health in this era of obesity, diabetes,
heart disease, hypertension, cancer, and depression.
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CHAPTER 1
INTRODUCTION

Circadian rhythms are important for health. They are present in all cells, organs,
and tissues, and serve to properly time and regulate biological processes within the
body (Lewis et al. 2018). Recent elucidation of the molecular and cellular processes that
govern these functions has demonstrated that the disruption of circadian systems is a
key feature in both the development and expression of a myriad of negative health
outcomes, including: cardiometabolic disease, cognitive and mood disorders, immune
system dysregulation, gut microbiota alterations, and cancer (Abbott et al. 2018, RijoFerreira & Takahashi 2019). Sociocultural variables have been implicated to have large
influences on circadian rhythms, however the role of sociocultural variables on circadian
rhythms has been little studied within circadian biology. Likewise, circadian rhythms
have received scant attention within anthropology. This research aimed to leverage
anthropological theory and methods in order to better understand how sociocultural
variables ‘get under the skin’ to become biology and health via circadian rhythms. The
other primary goal of this research was to extend anthropological discourse into the
realm of circadian rhythms. This chapter provides an introduction to the research by
explaining the background of the research problem, the research questions, scope, and
significance.
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Background to the Study
The internal physiological functions within the body can be likened to an
orchestra. The music of that orchestra is our circadian rhythms, and the conductor is our
circadian clocks. Each organ and cell within the body is an instrument in that orchestra,
all following an exquisite timing that strives to keep one another beautifully
synchronized. When an instrument falls out of line, and plays the wrong note, the
resultant cacophony can be likened to internal desynchrony within the body. This
desynchrony can eventually lead to disease if the internal order is not readily restored.
Circadian clocks evolved to regulate the temporal organization of internal
processes within the body. They exist in virtually every cell, tissue, and organ (Bollinger
& Schiber 2014). Physiological functions of the body take energy, and many of them
have windows of opportunity in which they are most effective (Gerhart-Hines & Lazar
2015). As a result, each process must be scheduled and coordinated with one another
at their own designated time. For example, digestion typically happens during the day to
take place immediately after food is eaten. This requires energy, which must be diverted
from other processes in order to take place.
Cellular maintenance, repair, and memory consolidation typically happen at night
when one is sleeping (Gerhart-Hines & Lazar 2015). The immune system is typically
activated during sleep as well. This is why a person who is feeling ‘run down’ from lack
of sleep is more likely to get sick, and also why illness causes one to feel sleepy and in
need of rest (Irwin 2015). It is the body’s way of conserving and redirecting energy to
immune system activation.
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Given the numerous physiological processes of the body, and that each has an
optimal time in which to occur, it is not surprising that each physiological process needs
to be scheduled in conjunction with one another. Like cogs on a wheel, if one falls out of
rhythm with the others, it can cause the gears to grind and disrupt one another. For
example, eating at night requires metabolism, which is normally physiologically
relegated to the day (Gerhart-Hines & Lazar 2015). For metabolism to happen at night,
it must take energy away from the physiological processes that had been scheduled for
that time, such as immune function, growth, or cellular repair.
The circadian system evolved to predict the temporal distribution of energy
demands that it will encounter each day (Dunlap et al. 2004). It anticipates when eating
and sleeping are likely to occur and schedules the internal processes in the body
accordingly. When eating and sleeping happen at irregular times, it causes circadian
rhythms within the body to decouple from one another and become misaligned
(Mistlberger & Skene 2005). This is because the circadian system operates under
processes of homeostatic control (Pittendrigh & Caldarola 1973). Flexibility is built into
the system to accommodate rapid changes in time and energy demands. Acute
changes are easily compensated for, and actually strengthen the system’s alignment.
Chronic fluctuations, however, place stress and undue wear and tear on the system,
and cause long-term health to suffer as a result (Roenneberg & Merrow 2016).
This scenario above illustrates the process of chronodisruption. When circadian
rhythms decouple from one another and fall out of alignment, the internal temporal order
is disrupted and the consequences manifest in physical and mental health (Abbott et al.
2020). For example, when bodily processes such as hormone production, metabolism,
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cellular repair, and immune function are synchronized optimally, good health results
(Gerhart-Hines & Lazar 2015). In contrast, their misalignment is associated with a
plethora of disease states, such as obesity, diabetes, heart disease, hypertension,
depression, and cancer (Golombek et al. 2013).
Modern medicine and public health campaigns are waking up to the importance
of circadian health. This is evidenced by a burgeoning number of publications on the
subject (Haspel et al 2020). This rapidly growing body of research has meticulously
investigated risk factors, associated disease prevalence, and the molecular
underpinnings of the physiological pathways involved in these processes (Abbott et al.
2020). However, what has been missing in this literature is adequate attention to
sociocultural variables.
Sociocultural variables have been identified as of extreme importance to
circadian rhythms because humans have become increasingly decoupled from the two
strongest environmental zeitgebers, the cues of light and temperature(Gerhart-Hines &
Lazar 2015). The term zeitgeber is a strange-sounding word rooted in German that
means “time-giver” (Dunlap et al. 2004). Zeitgebers synchronize the timing of circadian
rhythms in order to coordinate internal bodily processes with one another and the
external environment. This is necessary because the average free-running human
photoperiod operates on a ~24.2-hour cycle (Czeisler & Gooley 2007). As a result, our
circadian rhythms need daily resetting to stay entrained to the daily 24-hour period.
The increased prevalence and use of indoor air conditioning and artificial LightAt-Night (LAN) over the past 50 years has dramatically altered the incoming
physiological inputs that circadian systems evolved to rely upon to determine where
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night ends and where day begins (Golombek et al. 2013). For example, the loss of birth
seasonality in humans has been observed among populations in which indoor light and
air conditioning has become the norm (Wehr 2001). In this example, the self-selected
environment masks environmental changes in day-length and ambient temperature,
which prevents the circadian system from accurately timing seasonal changes.
Similarly, modern self-selected environments can mask daily outdoor light and
temperature cycles (Gerhart-Hines & Lazar 2015).
The changes associated with industrialization and modernity have not only
further removed many from the daily fluctuations of the natural environment, they have
likewise introduced new sources of variability into the time-sensing pathways that
circadian systems have evolved to rely upon (Koritala & Çakmaklı 2018). Ancestral
human conditions typically remained dark from dusk until dawn, illuminated only by
sleep-friendly amber wavelengths of the light given off by a flickering fire (Stothard et al.
2017). In the present day, simply flipping a light switch or checking a cell phone in the
middle of the night can produce a melatonin-suppressing and sleep-phase delaying
pulse of light (Tähkämö et al. 2019). This places increased stress on the circadian
system, constantly activating homeostatic processes and increasing allostatic load
(Deboer 2018, Ramsay & Woods 2014). Simultaneously, the irregular and blunted
signals from primary entraining agents (i.e., light and temperature) render them less
effective as predictive time cues (Gerhart-Hines & Lazar 2015). This compels the
circadian system to seek out alternative signals to set the pace of the internal order.
Given humans’ high degree of sociality and ability to self-select their
environments, social zeitgebers are thought to have gained prominence as primary
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entraining agents. Social zeitgebers include sleep/eating habits, work/school schedules,
patterns of electronics usage (e.g., television, computer, smartphone), and routines that
arise from familial/social/occupational roles, cultural convention, and social interaction
(van Tienoven et al. 2014). Ethnographic research in reference to these proximate
social factors is overall lacking. Specifically, data in regards to everyday influences on
the timing of sleep and diet are needed to understand how modern structural/cultural
contexts challenge highly conserved and plastic circadian systems.
Differential health outcomes are pronounced between morning types (“early
birds”) and evening types (“night owls”). Morning types rise early, perform better in the
morning, and are associated with good health and circadian rhythms. Evening types
prefer to sleep in, stay up late when they can, are associated with negative physical and
mental health outcomes, and have a greater likelihood of chronodisruption (Ross et al.
2016, Kanerva et al. 2012). Better understanding of how sociocultural dimensions of
daily life produce these disparities between morning and evening types can uncover
previously hidden or masked drivers of human health. Additionally, the investigation of
how social zeitgebers differ between morning and evening types, and how morning and
evening types may be differentially impacted by social zeitgebers, will help fill in the
bigger picture in regards to proximate sociocultural influences on chronodisruption.
Despite the recognized importance of social zeitgebers, they have been relatively
little studied within circadian biology (Roenneberg and Merrow 2016). This is because
circadian biologists have historically laid less emphasis on developing the theory and
methods necessary to properly operationalize and investigate cultural variables. As a
result, circadian biologists have been calling for social scientists to step in and assist in
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this endeavor (Adams et al. 2017). The field of anthropology is uniquely situated to
become the leading expert in this domain (Wolf-Meyer 2019).
Circadian variables are likewise strategically positioned to extend theoretical
inquiry within anthropology as well. Circadian variables are highly sensitive to social
inputs and structuring forces of the daily routine (Adams et al. 2017, Roenneberg and
Merrow 2016). They also result in both immediate and long-term changes in biomarkers
and health outcomes that are measurable (Depner et al. 2020, Mullington et al. 2016).
Thus, circadian rhythms represent measurable, physiological links between social
causes and health outcomes that can concretely document how social experiences
become biologically embedded.
In this manner, they can provide a mechanism to better understand issues of
embodiment, especially in regards to how social inequities become written on bodies
and manifest as health disparities (Goodman & Leatherman 2020). Embodiment is the
process through which the social and material world becomes incorporated inside the
body in the form of experiences that also can have physiological, psychological, and
morphological changes (Dressler 2005). Biocultural anthropologists are concerned with
embodiment because it provides an explanatory framework to demonstrate how social
inequalities and structural violence result in health disparities (Goodman & Leatherman
2020). In addition to research on health, embodiment, political economy, and structural
violence, circadian variables can also be leveraged to investigate the interplay between
culture and biology, individual and society, structure and agency, as well as to extend
theoretical discussions in practice theory, niche construction, and anthropology as a
whole.
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Statement of the Research Problem
In 2017 the Nobel Prize was awarded to three U.S. scientists who uncovered the
molecular mechanisms that control the functioning of circadian clocks (Huang 2018).
Over the past 20 years, the world has indeed been waking up to the importance of
circadian rhythms in the production of health. What is missing in this rapidly growing
literature base is investigation into the social and cultural drivers that regulate the timing
of circadian rhythms.
Social zeitgebers represent potent influences on circadian rhythms that provide a
valuable entryway to understand embodiment. Yet, despite their recognized importance,
they are one of the least studied topics in circadian biology. Biocultural anthropology is
uniquely situated to fill this gap and, in doing so, can extend anthropology’s reach as a
discipline into the realm of circadian rhythms. Future engagement with this topic will
increase our understanding of the pathways and mechanisms involved in the
embodiment, and promises to situate anthropologists as the leading experts on the
sociocultural dimensions of health within the field of circadian biology.

Research Questions
In order to better understand the role of circadian rhythms in our physical
embodiment, I leveraged anthropological theory and an innovative, mixed methods
approach to answer the following research questions:
1. What proximate social factors influence chronodisruption?
2. Are there differences in social zeitgebers between chronotypes?
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3. How do everyday experiences explain differences in chronodisruption between
morning and evening types?

To accomplish this, I needed to leverage specific strengths residing within the
biocultural approach, namely embodiment, practice, and resilience. As a whole,
biocultural research seeks to investigate the interplay between culture and biology, and
to do so in a way that frames health risks in terms of both experience and behavior hh.
The ecological perspective within biocultural anthropology opposes one single cause for
disease, and instead views causation in terms of a chain of culturally constructed events
with deep historical roots. Here, ecology and the environment are conceptualized
broadly to include physical, social, cultural, historical, political economic, and epigenetic
domains. Human agency and biomedical framings are spotlighted as well.
The concept of embodiment was important to target the everyday lived
experiences of participants in order to link them to physiological outcomes (Dressler
2005). Additionally, practice theory was needed to provide a framework for
understanding the factors uncovered through the ecological perspective. Practice, as a
form of embodiment, has been applied to the study of daily patterned behaviors, rituals,
and routines (Rouse 2007), therefore it was indispensable in the study of the
spatiotemporal patterning of behavior related to circadian rhythms. Practice also
provided a means to consider the nexus between social structure and the individual in
terms of their habits, beliefs, preferences, and values (Rouse 2007).
I also applied the concept of liminality, which explores the ways people cope with
the heightened vulnerability associated with transitionary periods (Turner 1967, 1974). It
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also draws attention to the intense social bonds that are formed during these times.
Liminality was applied in order to better understand the transitionary period of college
itself, as well as the time period surrounding sleep, which marks a transition in
consciousness from wake to sleep and vice versa. Finally, I applied the concept of
resilience in order to purposely seek out instances of positive deviance and social
buffering (Panter-Brick 2014).
In order to answer the research questions above, I assessed chronodisruption
and social zeitgebers among a college student population via the ambulatory monitoring
of sleep/wake and wrist temperature rhythms. I used photo food journals to measure
additional social zeitgebers, document eating patterns, and serve as prompts for photo
elicitation interviews. I used photo elicitation interviews to gather narratives that
described participants’ daily routines and habits, as well as the structuring factors that
influenced the timing of their sleep and eating. I additionally used semi-structured
interviews to ascertain participants’ daily and weekly schedules, household makeup,
and beliefs related to sleep and eating. Finally, I compared the biometric and
ethnographic results between morning and evening types to identify and contextualize
the proximate social factors that influenced chronodisruption.

Significance
This research investigated proximate social influences on circadian rhythms in
order to better understand the social patterning of health. It also identified social
zeitgebers relevant to chronodisruption in order to demonstrate how social experiences
become embodied. The significance of this research is twofold. Firstly, my research
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advances literature in circadian biology in regards to the sociocultural influences on
chronodisruption, and thus positions the field of anthropology as the most suited of
within the social sciences to address this topic. Secondly, my research extends
anthropological inquiry into the realm of circadian rhythms in order to push forward
anthropology as a whole. To this end, I imported the concept of social zeitgebers,
reconceptualized it in anthropological terms, and demonstrated its potential to link social
experiences with biological outcomes. Thirdly, my research advances the understanding
of how social factors get under the skin and become embodied in terms of human
biology.
It is my hope that my research will provide a model and framework for future
anthropological research to incorporate circadian variables. For example, circadian
rhythms can be leveraged to advance theoretical development in the realms of niche
construction, practice theory, embodiment, and political economy. Additionally, the
social zeitgeber concept, and circadian rhythms in general, can enrich anthropological
inquiry in the following ways:
● Generate evidence for the root social causes of health disparities
● Provide a mechanism for embodiment
● Examine the spatiotemporal aspects of virtually any disease studied within
medical anthropology
● Link recent developments in the study of chrono-nutrition to current research
questions being explored within nutritional anthropology (Hawley et al. 2020,
Almoosawi et al. 2019)
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● Extend developmental origins of health and disease research (DOHaD) within
anthropology to incorporate recent linkages that demonstrate the epigenetic
effects of prenatal and postnatal maternal chronodisruption (Sati 2020)

The results of this research will be disseminated broadly in conferences and
peer-reviewed publications in order to make the cultural ecology of circadian rhythms a
public health priority. The insights generated by this study will help anthropology as a
field further delineate the ramifications upon health we endure as a consequence of
political, cultural, and socio-economic influences on circadian rhythms within
contemporary populations. This information is critical for informing a biocultural
perspective on health and the modern epidemics of obesity, diabetes, heart disease,
hypertension, cancer, and depression.

Organization of Chapters
This research aimed to incorporate innovative methods to assess
chronodisruption and social zeitgebers among morning and evening types, and to elicit
personal narratives in order to better understand the proximate social factors that
influence health via chronodisruption. This is presented in this dissertation through the
following five chapters:
● Chapter 1: Introduction to the Study
This chapter presents the background of this study, research problem, research
questions, methodology used, and significance of this research.
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● Chapter 2: Background
This chapter reviews the theoretical foundation of this research, the previous
work in anthropology that this research builds upon, and relevant literature in
circadian biology needed to investigate my research questions.
● Chapter 3: Methodology
This chapter showcases the roadmap of how the research was carried out,
including the research design, methods of data collection, and recruitment
process. It also chronicles the in-depth analysis of the qualitative and quantitative
data collected, and how results from each were integrated to inform this study’s
findings.
● Chapter 4: Results
This chapter presents the findings in terms of the proximate social and physical
factors influences on chronodisruption and how they vary by chronotype.
● Chapter 5: Discussion, Conclusions, and Recommendations
This chapter presents the conclusions drawn from the findings of this study. It
also ties them back to larger theoretical discussions within anthropology and
presents recommendations to increase anthropological engagement with
circadian variables.
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CHAPTER 2
BACKGROUND

This anthropological study of chronodisruption fits neatly within several
theoretical perspectives while also seeking to begin to fill gaps in our current
understandings of circadian biology. This study will demonstrate what anthropology has
to gain through the importation of the social zeitgeber concept, and through the
investigation of circadian rhythms. It will also inspire increased engagement of
anthropologists with the field of circadian biology in order to demonstrate our relevance
to questions of circadian biology. These sentiments guide the trajectory of the literature
review within this chapter, which begins with a discussion of the theoretical framing of
my biocultural approach that simultaneously reviews the previous work within
anthropology that this research builds upon. I describe the biocultural approach and
then my application of the evolutionary medicine framework. Finally, I introduce the core
concepts and research within circadian biology that guided the formation of my initial
research questions, as well as the research design, analysis, and interpretation of data
that followed.

Broad Orientations of the Biocultural Approach
The biocultural approach provides a powerful lens to explore how social and
biological factors intermingle and thus collectively constitute the etiology of
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chronodisruption. Biocultural theory reflects a broad continuum of multiple approaches
characterized by three central orientations. First, there is robust consideration of the
dialectical interplay between biology and culture. Second, ecological concerns are
spotlighted and conceptualized broadly. Third, there is a critical turn within biocultural
theory that integrates political economy and critiques of biomedicine. As a whole, the
biocultural approach views biology and health as inherently sociocultural and ecological,
emerging and intersecting as part of a “biocultural dance” (Leatherman & Goodman
2011:29-30). My goal is to determine the steps and the music of the biocultural dance of
circadian rhythms.
Biocultural inquiry in anthropology has deep roots that trace back all the way to
Franz Boas’ four-field holism. His vision for anthropology set the stage with an
integrative spirit that sought to explore the interrelationships between biology, society,
culture, and language in a manner that simultaneously encompassed the past, present,
and even future (Kottak 2011). In the 1960s and 1970s biocultural research was
overwhelmingly adaptationist and concerned with understanding human biological
diversity through the lens of environmental constraints. Here, the environment was
conceived narrowly and much of this work focused on subsistence and acclimatization
to extreme environments (Goodman & Leatherman 1998). These approaches were
highly criticised by cultural anthropologists, so much so that it created a vast divide
between the subfields that even led to the split of some departments (Brown & Norman
1992, Holden 1993).
The new biocultural synthesis (Goodman & Leatherman 1998) marked a shift to
reorient focus from biocultural stressors to sociocultural stressors. This shift had the
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explicit goal to incorporate previously overlooked political-economic perspectives, and
to explore the constraints imposed by sociocultural institutions as root causes of
disease risk, adversity and illness. This critical turn marked an important theoretical
advancement that spotlighted issues of political economy, human agency, and
biomedical framings of health and disease (Goodman & Leatherman 2020).
An additional goal of the new biocultural synthesis was to bridge the “chasm”
between biological and cultural subfields, as well as to encourage collaboration among
all subfields within anthropology (Goodman & Leatherman 2020:2). In order to
genuinely do so, the new biocultural synthesis also sought to incorporate, and take
seriously, recent developments in cultural theory that emphasized a broader
conceptualization of the environment as well as critical perspectives that acknowledged
contingency and balanced the positivism latent in previous adaptationist research
(Goodman & Leatherman 1998).
As a result, the biocultural framework is explicitly holistic, ecological, integrative,
and critical. It examines the ways in which biology, behavior, ecology, culture, and
history intertwine and collectively constitute one another to shape health outcomes over
time (Goodman 2009). This framework thereby generates explanatory models for illness
by uncovering the emergent and dynamic interactions among biocultural beings and
their sociocultural, geophysical environments. Simple notions of unidirectional causality
are abandoned in favor of cumulative historical interactions, feedback loops, and
contingent circumstances. History, contingency, context, and sociocultural inheritance
are emphasized in order to understand how humans navigate the challenges they
confront in their daily lives.
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Consequently, the weight given to process and dialectical interactions is a
hallmark of the biocultural approach that illustrates a rejection of static conceptions of
both biology and culture, in favor of their integration (Goodman 2009). Bridging these
dichotomized perspectives constitutes a major theoretical advancement: a step towards
reuniting the two fields, which had become increasingly divided, and returning to Boas’
holistic four-field approach. In addition to emphasis on the ongoing dialectic between
biology and culture, the ecological perspective represents another strength of the
biocultural lens.
There is a long tradition of ecological approaches within anthropology that has
been the subject of many reviews (most notably Bates 2005, Dove & Carpenter 2008,
Haenn & Wilk 2006). Ecological theory is central to the biocultural approach. It opposes
the idea of one single cause for disease. Instead, causation is viewed as a chain of
dialectically and culturally constructed factors with deep historical roots. Here, the terms
ecology and environment are conceptualized broadly to include the physical,
sociocultural, politico-economic, historical, and epigenetic domains.
Thus, biocultural research is concerned with determining the sociocultural,
political economic, and individual determinants of health. Health risks are framed as
dimensions of both experience and behavior, both of which derive meaning from shared
and competing cultural models (i.e., hegemonic and lay social constructions of
knowledge). Health risks can be conceptualized in terms of “webs of causation” jointly
constructed by active agents, hegemonic structures, and ecological pressures (PanterBrick & Fuentes 2009:2). Understanding “how health risks are spun” is necessary to
uncover the spatiotemporal processes involved in the etiology of health disparities
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(Panter-Brick & Fuentes 2009:3). This method of nuanced investigation is required to
attend to the costs and benefits manifested in immediate trade-offs that are felt over
lifetimes, across generations, and which collectively alter the ecological pressures
encountered in the future (Kuzawa 2005, Odling-Smee et al. 2003).
Current work has uncovered relationships between sociocultural conditions and
biological outcomes, however future research needs to explore the mechanisms and
processes by which the ecosocial and biological are linked (Goodman 2009). Indeed, “a
central challenge to biocultural analyses of biology and health has always been
identifying and tracking more explicitly the pathways by which lived experiences are
embodied” (Goodman & Leatherman 2020:6).
Recent biocultural research has identified a number of pathways involved in
embodiment and has begun to map them out through linking field measures and
biomarkers with ethnographic data (See Table 1). For example, discrimination and
cultural consonance have been examined in relation to blood pressure (Dressler &
Bindon 2000, Gravlee et al. 2005). In addition, lifestyle and status incongruity has been
linked to immune function (Dressler 1991, McDade 2001, 2002). Early work in this area
linked physical stature with economic and social resources among Mexican immigrants
and analyzed it through the lens of life history tradeoffs in growth during human
development (Bogin & Loucky 1997). Other work has examined issues of mental health
in terms of meaning and practice (Seligman 2018, Mendenhall et al. 2010). Additional
pathways for embodiment have well developed theoretical frameworks surrounding
them, and these include the emotions (Worthman 1999, Worthman & Costello 2009),
the encultured brain (Lende 2012, Lende & Downey 2012), and epigenetics/DOHaD
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(Kuzawa & Sweet 2008). Together, these contributions mark important steps forward,
however there is much more work to be done.

Table 1. Proposed pathways for embodiment.
Proposed Pathways for Embodiment
Blood pressure
Dressler & Bindon (2000), Gravlee et al. (2005)
Immune function
McDade (2001, 2002), Dressler (1991)
Growth
Bogin & Loucky (1997)
Emotions
Worthman (1999), Worthman & Costello (2009)
Mental health
Seligman (2018), Mendenhall et al. (2010)
Epigenetics/DOHaD Kuzawa & Sweet (2008)
The encultured brain Lende (2012), Lende & Downey (2012)

Circadian rhythms are highly sensitive to biophysical and sociocultural stressors
that are likewise important determinants of human health and psychological functioning.
Thus, circadian rhythms and social zeitgebers present themselves as exemplary
candidates to demonstrate the pathways and mechanisms through which sociocultural
stressors become materialized as biological outcomes. In fact, the circadian system can
serve as a unifying mechanism that incorporates all of the pathways that have been
explored thus far (See Table 1).
Biocultural inquiry into circadian rhythms has only begun. So far, it has largely
been restricted to sleep studies. The majority of this research is concerned with infant
sleep and co-sleeping from evolutionary and developmental perspectives (Ball et al.
2019, McKenna et al. 2007, Gettler & McKenna 2010, Ball & Russell 2010, Jenni &
O’Connor 2005, Super et al. 1996). Others, such as Worthman & Melby (2002),
Worthman (2008, 2011), Brunt & Steger (2008) and Glaskin & Chenhall (2013) have
compiled extensive cross-cultural ethnographic research on the cultural ecology of
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sleep. Collectively, these works document high levels of variability in sleep patterns and
sleep cultures across populations. They also share a common theme in their focus.
They explore the multifaceted relationships between developmental processes,
individual agency, and biomedical framings of proper sleep hygiene.
Another anthropologist has applied the evolutionary medicine framework to the
study of sleep and circadian rhythms in relation to chronic disease. Knutson (2012,
2013, 2014) has published numerous studies that examine the relationship between
sleep, chronotype, and chronic disease (See also: Knutson et al. 2017, Knutson & von
Schantz 2018, Knutson et al. 2018). Her most recent collaborative work has expanded
to additionally consider the timing of caloric intake, light exposure, and dim light
melatonin onset (Rangaraj et al. 2020, Ruiz et al. 2020, Dashti et al. 2019). This
research represents the greatest engagement the field of anthropology has had with the
topic of circadian rhythms. Her work also provides an excellent example of
collaborative, interdisciplinary work with researchers in the medical field and circadian
biology.
Finally, Wolf-Meyer (2012) has applied the evolutionary medicine framework in a
historical and critical analysis of the biopolitics of sleep. His research deconstructs ways
in which biomedical framings and political economic forces both constrain and structure
sleep. It also highlights the historical entanglement between these processes and
individual goals and ideals. In particular, he outlines how discourses about the proper
timing for sleep and what constitutes proper sleep have become taken for granted as
social fact. These discourses have influenced conceptual models of how sleep should
be, what constitutes disordered sleeping, and how to manage disordered sleeping via
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pharmaceutical and behavioral interventions. He also recounted the historical roots of
daylight savings time and school start times, and the repercussions of these social
institutions on human health.
The research outlined above demonstrates the value of the biocultural approach
to the study of sleep-wake rhythms. My research extends these applications of
biocultural theory to circadian rhythms. It broadens the scope of analysis beyond sleep
to include rhythms of eating, ambient temperature exposure, and light exposure. The
primary purpose for doing so is to explore the potential of social zeitgebers and
circadian rhythms to document how sociocultural realities translate into differential
health outcomes. The findings of this research will also be applicable to critical
approaches that examine the role of biomedical frameworks, relations of power, and
modernized lifeways in shaping health via circadian rhythms.
In the remainder of this section, I will discuss additional strengths of the
biocultural approach that I leveraged to better understand the embodiment of circadian
rhythms and social zeitgebers.

Specific Biocultural Concepts Applicable to My Research
Beyond the broad orientations discussed above, there are four specific concepts
within biocultural research that are important to my study of circadian rhythms. They
are: 1) Embodiment, 2) Practice, 3) Liminality, and 4) Resilience. These concepts target
my approach to answering the research questions of this study. After providing the
reasoning for incorporating each concept into my approach, I will discuss the strengths
and weaknesses of my approach.
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Issues of embodiment are a central concern within biocultural anthropology. “A
biocultural perspective is a study of embodiment in a very specific sense. It is the study
of how experience gets written on the body in terms of measurable physiological,
psychological, and even morphological outcomes” (Dressler 2005:24). The concept of
embodiment builds on Mauss’ (1935) concept of habitus, Bourdieu’s (1977, 1990)
practice theory, and Foucault’s (1977, 1986) analysis of discourse and biopower. This
concept was further developed under the influence of phenomenology (e.g., Csordas
1990, 1994; Jackson 1989; Strathern 1996) and has traditionally been limited to
philosophical and ethnographic interpretation (Campbell & Garcia 2009). This research
critically examines the governance and production of bodies through discourses of
discipline and normalization. These discourses shape the language of biomedicine and
create their own objects of analysis that become embedded in cultural practices and
contested in the daily lives of individuals. Social zeitgebers provide a new avenue to
explore these social processes and their ramifications.
Cultural research on embodiment primarily takes a phenomenological approach
(e.g., Csordas 1990, 1994; Merleau-Ponty 1962) and situates the body as the
“existential ground of culture” (Csordas 1990:5) and “the proximate terrain where social
truths and social contradictions are played out” (Shepard-Hughes and Lock 1987:31).
Much of this research has been limited to philosophical and ethnographic interpretation
of the “subjective experience of the body, but not the physiological body” (Campbell &
Garcia 2009:1). It focuses heavily on qualitative methods, especially narrative analysis,
yet rarely explores analogous quantitative physiological metrics. If the body is indeed
“not an object to be studied in relation to culture, but is to be considered as the subject
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of culture” (Csordas 1990:5), we must go further and incorporate physiological variables
if we are to have a holistic understanding of it. Social zeitgebers provide a means to
achieve this goal.
In contrast to cultural research on embodiment that explores the phenomenology
of the body, biocultural approaches examine questions of human biology via
sociocultural variables (McElroy 1990). Biocultural approaches to embodiment target
everyday practices, experiences, and rituals in correlation with health-related outcomes.
There is an “explicit effort to link collective meaning and individual behavior” within this
approach (Dressler 2005:24). For example, Madrigal et al. (2008) show that the
meaning of ‘race’ varies in different cultural contexts and that those changes in meaning
structure the biological ramifications of individual experiences to manifest in racial and
ethnic health disparities.
Biocultural research on embodiment has explored diverse topics such as social
support and immune function (Hicks 2014), politics of infant feeding in public (Hausman
2007), rhetorics of complaint in culture-bound syndromes (Oths 1999), biosocial stress
in diabetic women (Weaver et al. 2015), and race and social inequality (Gravlee 2009).
My research adds circadian rhythms to this literature base in order to better understand
how sociocultural factors, daily patterned practices, cognitive appraisals, and
motivational states structure and become embodied in circadian rhythms.
This is important for application because circadian rhythms correlate with a wide
range of health outcomes. Increased understanding of how sociocultural ecologies
become embedded in circadian rhythms to result in differential health outcomes will
provide better informed treatments, interventions, and preventative strategies for a wide
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range of conditions. This research will also advance theories of embodiment by
introducing a new mechanism to explore how social structures, cognitive appraisals,
and daily life intertwine and become embodied as health outcomes. In addition, this
research seeks to illustrate the actual process of embodiment and contextualize the
lived experiences associated with that process.
As a form of embodiment, practice theory explores daily patterned behaviors,
rituals, and routines. Thus, practice theory naturally lends itself to the biocultural
investigation of circadian rhythms. It additionally provides an established framework to
explore the dynamic interactions between social structure and individual agency.
Although a coherent, unified practice theory does not exist, a loosely defined
‘practice approach’ may be found among a body of highly diverse writings that includes
philosophers (Wittgenstein, Dreyfus, Taylor), social theorists (Bourdieu, Giddens),
cultural theorists (Foucault, Lyotard), and theorists of science and technology (Latour,
Rouse, Pickering). Within anthropology, practice theory is most often associated with
Bourdieu (1977), Giddens (1979), Ortner (1989), and Sahlins (1981). The concept of
practice extends from:
the most mundane aspects of everyday life to highly structured activities in
institutional settings. Some of the patterns of performances identified as
‘practices’ are quite localized geographically or historically, while others
are of much more general extent. Practices range from ephemeral doings
to stable long-term patterns of activity. (Rouse 2007:499).
As reflected in this quote, the broad scope of the concept of practice makes it highly
applicable to an extensive range of human behaviors and traditions. Common themes
include rules, norms, structure, agency, skills, and language (Rouse 2007).
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Practice theory links niche construction (Lewontin 1983, Odling-Smee et al.
2003) and embodiment within biocultural research. Routines and rituals are central to
rhythms of eating and sleeping. They intersect everything that is social, cultural,
inherited, and learned. Therefore, circadian rhythms provide a powerful lens to further
develop theories, themes, and lines of reasoning in practice theory and niche
construction.
The daily rhythms of eating and sleeping are a hidden dimension of life so
quotidian that, until recently, they have been largely overlooked in the medical and
social sciences. Rhythms of eating and sleeping are the existential ground on which our
days, our lives, and our cultures are built. Our days, lives, and cultures exist as patterns
of routinized behaviors, habits, and preferences that are promulgated through social
contact and passed down from generation to generation. They are imbued with the
proscriptions of biomedical research, public health campaigns, and everyone we come
into contact with. Yet, they are also challenged in the daily lives of real people as they
discern what is in their best interests, draw on their available resources, and confront
the demands that each day brings.
Time allocation between the things one has to do and one wants to do requires
trade-offs. Energy and time are finite resources, yet our biologies are created with the
ability to go without food and sleep for periods of time. We can sacrifice the body’s
immediate needs in furtherance of our desires and goals when we choose to do so. This
sets up an easy scenario for eating and sleeping to get pushed to the back burner, cut
short, or skipped altogether.
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Our physiologies can accommodate this behavior in the short-term with little
repercussion. However, when this becomes a chronic pattern, long-term health suffers.
Unfortunately, this is all too common in today’s overworked society where many people
chronically feel pressure to do more than they can, and live with anxiety because they
feel that they do not have enough time each day to get everything done that they need
to do.
Training and practice shape circadian biologies and result in different circadian
rhythms, experiences, and health outcomes. The concepts of training and ritual appear
in sleep literature promoting good sleep hygiene, as well as in nutritional
recommendations towards healthy eating habits. These social constructions are taken
for granted as social facts and rarely questioned.
The inculcation of cultural and social models for how sleep and eating should be
enacted begins in infancy and early childhood and are emphasized throughout the life
course. These rituals become embodied experiences in which cultural messages ‘get
under children's skins’ (Strauss 1992, Abu-Lughod & Lutz 1990, Toselli et al. 2013).
These embodied cultural and social models carry baggage, which identify people as
good or bad sleepers/eaters and translate into labels of good citizens/people and bad
citizens/people (Montijn 2008).
For example, western norms of solitary sleep in a separate room from infancy
become embodied experiences that pass cultural messages about the importance of
independence, whereas co-sleeping into childhood, the norm across most the globe,
has been linked to an emphasis on the importance of the mother-child bond (Ben-Ari
2008). Children who are able to sleep alone from an early age are often labeled “good
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sleepers” in western societies, whereas those who wake often are labeled as “bad
sleepers.” Parents of “bad sleepers” encouraged to let their children “cry it out” in order
to break their supposed “unhealthy” sleep associations, such as nursing or rocking the
infant to sleep, or worse yet co-sleeping which is framed as a practice that puts the
infant in danger (Ball et al. 1999). Many adherents of the solitary sleep model believe
that co-sleeping, nursing to sleep, and rocking to sleep will translate into attachment
disorders and sleep later in life. Among adults those who rise early are considered
productive members of society, whereas those who stay up late and sleep in are framed
as unreliable and irresponsible (Wolf-Meyer 2012).
Similarly, children viewed as “good eaters” are framed as those who eat well and
finish the food on their plate, and “bad eaters” are framed as those who pick at their
food and only nibble. Yet, children are often given unrestricted access to caloricallydense food, upon which they are able to graze throughout the day, while watching
television, and even when they are not hungry (Greenhalgh 2012). It is no wonder the
epidemic rates of childhood obesity within cultures like the United States where this
behavior is the norm. Yet, as adults the framing is reversed, and those who eat
everything in front of them are framed as “bad eaters” who are irresponsible, unsightly,
unhealthy, and a burden to the healthcare system. On the other hand those eat less
are framed as “good eaters” who are responsible, healthy, and attractive (Trainer et al.
2015).
It is also important to mention that these messages are also subject to power
struggles within the household during development. Children are not merely passive
recipients that “learn” culture, that are “pre-social” or “pre-cultural.” Instead, they are
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active agents who participate in and shape their own socialization (Ben-Ari 2008).
Indeed, it is often around bedtime and mealtimes that children begin to first bargain,
struggle, and resist as they assert their independence and individual preferences.
Individuals often diverge from social rules and proscriptions, as well as family
upbringing, for multiple reasons, both conscious and unconscious. Therefore, individual
sleep and eating practices may or may not conform to biomedical constructions of what
is normal or preferred. Csordas (1990:7) describes “themes of perception and practice
as domains of the culturally constituted self.” Individual beliefs, circumstances, and
values can hold great weight in determining how sleep and eating behavior becomes
patterned and ritualized. This, in turn, creates the environment that offspring inherit and
respond to, which informs their own patterned practices, and that of their offspring and
conspecifics as well. This iterative, quotidian, and age-old process has critical
implications for health through the life course. It is part of the “hidden dimension” of
sociocultural and individual practice that is often private and thereby hard to access
without the application of an ethnographic approach (Hall 1966).
My research explored this hidden domain to better understand how individuals
structure their sleep and eating in the midst of the larger sociocultural environments
they inhabit. I also examined how sleep and eating are affected by the negotiation of
individual interests alongside familial and societal expectations, pressures, and
formalized codes of normative behavior. Finally, I compared cultural, familial, and
individual models of sleep and eating, as well as other patterned practices that may
influence these behaviors. This comparison yielded insight into the motivations and
reasonings behind the patterning of sleep, eating, and other quotidian practices.
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The essential questions are: What beliefs surround sleep and eating, and how do
they shape those practices? What activities are engaged in during morning/evening
routines, and during and around eating times, and why? How are they meaningful to the
person engaging in them? My research sought to answer these questions and provide
ethnographic context through the use of participatory visual methods, in order to bring
meaning to objective measurements of circadian rhythms.
In addition to the concepts of embodiment and practice, I applied the concept of
liminality to better understand habits, rituals, and routines surrounding sleep and the
college experience. Liminality refers to periods of transition or in-betweenness. The
concept was initially formulated by van Gennep (1960 [1909]) to describe rites of
passage, further developed by Turner (1967, 1974), and then expounded upon by
Foucault (1999). They each shared a concern for analyzing the margins of life through
betwixt and between social statuses, highlighting them as instances of intense personal
and social vulnerability. Liminality is conceptually broad and can be applied to any
situation in which a person is no longer one thing, while simultaneously not yet another.
I applied this concept to better understand transitions in consciousness from
wakefulness to sleep, and vice versa. I also found it useful to analyze the college
experience as a particularly formative and vulnerable transitionary period in life.
The concept of liminality is valuable to my research questions in that it links
anthropological theory with situated human experience. It draws attention to the
experience of in-betweenness and how that experience is shaped and structured as
people move through it, overcome it, and leave it behind. Liminality calls for a focus on
the ritual and symbolic aspects of transition, because they mold and shape individuals
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going through transitions of status change. I found it necessary to take these ritual and
symbolic forms seriously because they mark and stamp individuals in ways that have
long-lasting effects (Horvath et al. 2015). This marking aspect also circles back to
issues of embodiment.
Liminality additionally ties in practice theory with a focus on ritual and symbol as
traditions that are passed down and meaningful to individuals, especially in terms of
how they perceive themselves and their place in time. People ritualize and symbolize
liminal periods to help ease and mark the transitions. For example, bedtime rituals can
take the form of brushing one’s teeth, saying prayers, or turning off the lights. Morning
rituals can include going to the bathroom, brushing one’s teeth, or stretching.
Associated props to demarcate these periods might include pajamas, bonnets, or teddy
bears at nighttime. Symbols of morning might include the alarm clock, the morning cup
of coffee, or breakfast. In the past, getting the morning paper was a common morning
ritual. Today, the morning ritual of reading the paper has for many been replaced with
checking email and scrolling through social media.
The college period as well has its own transitional symbols and rituals. Symbols
of college life might include college foods such as ramen noodles and pizza. Rituals of
this time period for many include homecoming, beer pong, and group study sessions.
Graduation represents the final, culmination ritual of this period. Attention to these
symbols and rituals is critical to understand how individuals experience liminal spaces. It
not only draws out their meaning, it provides a window to understand how individuals
navigate and cope with these transitionary periods that can be some of the most
defining moments in an individual’s lifetime.
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Sleep has been investigated as a liminal state of heightened vulnerability, for
which people use rituals and practices to psychologically and physically buffer
themselves (Brunt & Steger 2008). Factors that exacerbate or attenuate vulnerability
are important determinants of sleep timing, duration, and quality. These factors include
feelings of safety, personal fulfillment, uncertainty, or danger. Access to material
resources, status, capital, and social support are also factors. Bedtime rituals, and their
accoutrements, are inculcated beginning in infancy and later modified and expounded
upon throughout a person’s lifecourse. They serve to ease the transition from
wakefulness to sleep, in order to make falling asleep easier, as well as to facilitate one
sleeping more soundly.
Morning rituals represent another transitionary period. It is the time one
transitions from sleep to wakefulness. Akin to falling asleep, there is great variability in
how this transition is made. Some have more demarcated boundaries between states of
consciousness, and for others the boundaries are more fuzzy and fluid. For example
some people wake in the morning and jump right out of bed to go brush their teeth,
shower, and get started with their day. Others wake up and doze, drifting in and out of
sleep before rolling out of bed. Still others may hit the snooze button on their alarm
clock multiple times before throwing on their clothes and rushing out the door with little
time for anything else.
Attention to liminality also draws attention to marginal and in-between spaces
such as nightlife, and the sociality of night. According to Worthman (2008:301), “human
nights are filled with activity and significance.” They provide the spatiotemporal
opportunity for pursuits of goals, meaning, and pleasure. They also provide a conduit for

31

deepening social bonds via communitas. Who one chooses to spend time with during
the night, solidifies bonds and carries significant meaning and has implications. Time
spent together during the night often demonstrates a high level of trust, intimacy, and
affiliation. This time may be spent amongst strangers, friends, family, or communities.
How do people who spend time together during the night co-construct feelings of
security? How does this time nurture, or possibly antagonize, social bonds?
What people choose to engage in during the night also carries a lot of meaning,
reflecting a trade off between a multitude of constantly fluctuating factors involving
conscious choice, ecological pressure, and biological necessity. An individual’s
nighttime is a precious commodity that is often strategically and shrewdly distributed
and allocated. For example, sleep before midnight is particularly more restful and
restorative, and therefore optimum. Yet, sleep is fluid and plastic, and therefore can be
delayed if there is sufficient reward or incentive for its delay. What would cause one to
do such is valuable to study in order to understand motivational cost-benefit reward
calculations, because the results of these negotiations impact sleep, and consequently
the health outcomes related to sleep.
College likewise represents a liminal period in which individuals transition into
adulthood. It is often a teenager's first time living away from home and a space where
they decide who they are going to be in life. Even for adults who are attending college, it
is still a place of remaking oneself and becoming a new person, a college graduate. It is
a highly vulnerable period and its associated changes can bring with them a lot of
anxiety. The anxiety and stress of this liminal period likely has strong influences on
eating and sleep. Ramen and pizza are the prototypical college foods of students with
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tight budgets, who may or may not know how to cook the foods that their parents used
to provide for them back home. Additionally, immersion into new social circles a spirit of
communitas punctuated with new eating habits and delayed bedtimes. These are all
important factors to take into account to understand proximate social influences on
circadian rhythms for college students.
Attention to the stress, anxiety, and vulnerability of liminal periods evokes a
concern for how individuals cope and flourish in spite of the precarious nature of their
circumstances. The question of why individuals respond differently to similar stressors is
a key area in need of further research. Investigation of factors contributing to health,
resilience, efficacy, and sociocultural buffering can explain why a given insult does not
always result in the same type or degree of illness, or any illness at all. Additionally,
resilience must be understood as not merely the flipside of risk; different factors and
processes may contribute to propensities of risk and resilience independently of each
other (Worthman & Kohrt 2005). The volume of research on disease and risk needs to
be balanced with research on health and resilience.
Some scholars have begun the work of shifting emphasis from sources of
vulnerability to concentrate on protective factors (Panter-Brick & Eggerman 2012, Davis
et al. 2005). This realignment of focus to positive rather than negative health outcomes
explicates instances of positive deviance: why some individuals remain healthy in the
midst of considerable risk and how individuals buffer themselves to cope with risk,
vulnerability, and adversity (Zeitlin et al. 1990, Pascale & Monique 2010). Research on
sleep and circadian rhythms has been overwhelming risk-centric; therefore a resilience
perspective will generate much needed fresh insights. Through adopting this
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perspective, my research can better understand factors that contribute to circadian
alignment in order to better inform future interventions and preventative strategies that
leverage available strengths and resources.

Strengths and Weaknesses of the Biocultural Approach
There are many strengths to applying a biocultural framework to the study of
circadian rhythms and chronodisruption. The greatest strength of the biocultural
framework is its ability to generate explanatory models for health outcomes by
uncovering emergent and dynamic interactions between biocultural beings and their
sociocultural, geophysical environments. The biocultural approach is powerful because
it is holistic, integrative, and attends to human agency. The ecological perspective is
necessary to understand the multitude of bidirectional relationships existing between
circadian rhythms and the contexts within which they are embedded. The personcentered focus augments cultural analysis by giving attention to individual proclivities,
motivations, and cognitive appraisals. Collectively, these strengths enabled me to
identify and understand the proximate factors shaping chronodisruption among college
students.
The concepts of embodiment and practice provide the theoretical framing to
identify, understand, and contextualize how proximate social factors shape
chronodisruption and thereby become embedded in human biology. The concepts of
embodiment and practice are indispensible to this endeavor because they integrate
everyday experiences, rituals, practices, and goals with the cultural constructs that
shape them, such as customs and social structure. In this manner, these concepts link
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collective meaning to individual behavior. They additionally bring attention to cognitive
appraisals in regards to the contexts of everyday lived realities, and how those
evaluations drive behavior. Finally, they transcend simple investigations into human
behavior in that they examine the construction of meaning, ritual, and practice in the
spatiotemporal ordering of daily life. In this manner, the concepts of embodiment and
practice provided a tradition to draw on in the exploration of how the meanings attached
to everyday experiences manifest themselves in terms of measurable physiological and
psychological outcomes. This theoretical lens for exploring bidirectional relationships
between sociocultural ecology and the production of health is well suited to the study of
circadian rhythms. The concepts of embodiment and practice enabled me to identify
and contextualize the proximate social factors that shaped chronodisruption through the
lens of everyday meaning, behavior, practice, and ritual.
Additionally, the concept of liminality was relevant to this research being that it
was applicable to the heightened vulnerability associated with not only sleep, but also
with simply being a college student. This concept provided an additional explanatory
framework that attends to how college students cope with and attenuate heightened
vulnerability, not only during the nighttime, but as a part of collegiate life as well. The
strength of the concept of liminality was that it directed my research to understand the
proximate factors influencing feelings of safety and vulnerability connected to sleep as
well as college life. It also directed my research to explore the behaviors, rituals,
explanatory models, and communitas that individuals used to cope with and attenuate
anxieties related to sleep and college life. Examining the rituals, behaviors, and beliefs
used to surmount the challenge of creating safe sleeping spaces, and a safe college
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transition, was necessary to fully understand the phenomenon of chronodisruption. It
also had the power to produce new insights and explanatory models in regards to the
etiology of chronodisruption.
Orienting my research along the perspective of resilience was a final strength of
my theoretical approach. The strength of applying the perspective of resilience to my
research questions was that it targeted the proximate factors related to circadian
alignment. It was strength rather than deficit focused. The comparative lens was able to
identify proximate factors associated with positive circadian outcomes, as well as those
associated with negative outcomes. This comparison also delineated which factors
buffered individuals. The greatest strength of incorporating a resilience-centered
approach was that it balanced the risk-centric focus of most sleep and circadian
research. It therefore possessed the ability to produce innovative insights through
exploring instances of positive deviance. These novel insights made a valuable
contribution to existing scholarship – they pave the way for future recommendations that
will foster circadian-friendly environments to thereby improve circadian health.
Although the new biocultural synthesis (Goodman and Leatherman 1998)
marked a step away from adaptationist paradigms to foreground political-economic
issues, this approach has been criticized for unproblematized notions of culture,
inadequate attention to culture in research design and data collection (Dressler 2005),
lack of ethnography and qualitative methods, and failure to document the mechanisms
involved in the embodiment of health disparities (Hoke & McDade 2014).
One of the greatest theoretical and methodological challenges confronting
biocultural research is taking the concept of culture seriously (Dressler 1995, 2005). In
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order to do so, a cognitive theory of culture is necessary. In this study, culture was
operationalized as the conglomeration of shared meanings that are required to
effectively operate as a member of a group, and to correctly interpret the behaviors and
motivations of others within the same group.
Notions of shared meanings emphasize shared mental representations and,
although each individual may not view the world in the same manner, they do have a
conception of what, collectively, they consider the mental representations of others to
be (Dressler 2017). Reconciling collective meaning with the relationship of culture to the
individual is a challenge fundamental to culture theory since the 19th century. This
“culture as context” model is a fruitful approach for biocultural research that situates
culture from the individual’s point of view and takes the concept of culture seriously,
rather than reducing it to a broad, vague descriptive concept (Dressler 2005:21-2).
Ecological approaches have adaptationist and functionalist origins, and therefore
have been criticized as reductive and deterministic in the past (Smith & Winterhalder
1992). Recent developments, however, have broadened the scope of ecological
approaches to emphasize cultural inheritance, individual agency, and choice
(Leatherman & Goodman 2020). As a result, those criticisms no longer apply. For
example, current biocultural approaches have a broader view of time and space that
encompasses historical and political economic forces, global and local levels, relations
of power and control, discourses of power and knowledge, epigenetics, and individual
agency. This broader scope moves beyond simplistic and static causal explanations to
produce explanations based on contingent webs of interrelated factors and agents.
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Evolutionary Medicine Framework
Anthropologists have yet to extend the evolutionary medicine framework beyond
looking at sleep and diet alone, to incorporate the spatiotemporal rhythms of sleep and
diet. Doing so is necessary in order to better understand how modern structural/cultural
contexts challenge highly conserved circadian systems. The evolutionary medicine
framework seeks to provide new insights into human health through the application of
evolutionary theory (Williams & Nesse 1991, Nesse & Williams 1994, Trevathan 2007,
Gluckman et al. 2016). Anthropological contributions to evolutionary medicine have
reconceptualized ideas of ‘normal’ by shedding light on cross-cultural differences and
highlighting mismatches between the present day and our evolutionary heritage
(Trevathan et al. 1999). For example, McKenna et al. (2007) linked the historically novel
present-day norm of solitary infant sleep to Sudden Infant Death Syndrome (SIDS).
Their research uncovered that co-sleeping, a practice common throughout human
history and amongst most world cultures, regulates infant breathing and sleep
architecture and thus protects against SIDS.
Gluckman & Hanson (2006) applied the evolutionary medicine framework to
examine the ramifications of the present-day norms of continuous food availability and
sedentism. 99% of human history was spent as hunter-gathers, where processed,
factory-farmed, fast food and junk food were unavailable, and where activity levels were
much higher. They implicated this shift in eating and activity patterns in the present-day
epidemic rates of obesity, diabetes, and cardiovascular disease.
Present-day environments challenge highly conserved circadian systems in a
similar manner (See Figure 1). Sedentary lifestyles, continuous exposure to artificial
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Figure 1. Modern environments challenge highly conserved circadian systems.
Light, temperature, physical activity, and food intake serve as entraining cues (zeitgebers) for
circadian systems that influence the timing of tissue-specific functions in the body. Light is
considered a primary zeitgeber, which acts on (A) the hypothalamic suprachiasmatic nucleus
(SCN) in the brain. The SCN relays timing information to peripheral clocks located in all cells,
organs, and tissues. This timing information is critical to optimize the temporal distribution and
coordination of energy allocations for bodily processes such as: (B) heat production by brown
adipose; (C) energy storage by white adipose; (D) energy management of carbohydrate and
lipid substrates in the liver; (E) circulation of blood-borne factors, hormones, and metabolites by
the heart; (F) glucose control by the pancreas; (G) physical activity of skeletal muscle; and (H)
digestion and nutrient absorption by the gut microbiome. Constant dim light, Light-At-Night,
constant ambient temperature, continuous food availability, and sedentary lifestyles are all
implicated in the disruption of circadian fitness. From: “Circadian metabolism in the light of
evolution.” by Z. Gerhart-Hines & M. A. Lazar, 2015, Endocrine reviews, 36(3), p. 292.
Copyright © 2015 by Oxford University Press. Reprinted with permission.
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light, constant ambient temperature, and unrestricted access to high-calorie foods all
mask the natural signals that circadian systems have evolved to rely upon (GerhartHines & Lazar 2015). Additionally, Light-At-Night (LAN) confuses circadian systems and
falsely indicates long summer days. This triggers an evolutionary response to stay up
late and seek out calorically dense food in preparation for winter (Reiter et al. 2013).
Central heating and air conditioning further mask evolutionary signals of daily and
seasonal cycles generated via temperature and humidity fluctuations. Anthropologists
have just begun to apply the evolutionary medicine framework to investigate the role of
circadian systems in the production of health. This work is much needed given that
circadian rhythms structure all physiological processes currently explored by this
paradigm.

Circadian Rhythms and Health
Circadian rhythms are ~24-hour rhythms in physiology and behavior that
temporally coordinate and optimize essential bodily functions and processes with one
another and the external environment (Dunlap et al. 2004). The circadian system
regulates the timing of a majority of important biological processes within the body,
including metabolism, immune function, cellular repair, and memory consolidation
(Honma 2018). These rhythms, and the consequences associated with their disruption,
have been studied extensively at the physiological and molecular levels (Jagannath et
al. 2017).
Circadian clocks have evolved to synchronize physiology and behavior with daily,
seasonal, and yearly cycles in a process known as entrainment (Foster & Kreitzman
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2017). Successful circadian entrainment synchronizes an individual’s sleep-wake cycle
with the daily light-dark cycle in a manner that equalizes internal and external day length
within the individual and depends on the relative strengths of zeitgebers (Roenneberg &
Merrow 2016). Impairment of the circadian system develops under weak, conflicting, or
disrupted zeitgebers and is linked with cancer, premature aging, body fat accumulation,
obesity, metabolic syndrome, cardiovascular diseases, immune dysregulation, cognitive
impairment, and mood disorders (Corbalan-Tutau et al. 2015, Ortiz-Tudela et al. 2016,
Micó et al. 2016). Figure 2 outlines how zeitgebers act as pacemakers that time the
internal production of health.
Circadian clocks are organized in a hierarchical system governed by a central
master clock is located within the suprachiasmatic nucleus (SCN) of the hypothalamus.
This central clock is primarily entrained to light-dark cycles perceived through the
retinal-hypothalamic tract. Additional peripheral clocks are present in all tissues, cells,
and organs (Bray & Young 2012, Tranel et al. 2015, Micó et al. 2016). Peripheral clocks
are entrained to stimuli such as temperature, humidity, feeding schedules, physical
activity, sleep-wake patterns, and social contact (Tranel et al. 2015, Reiter et al. 2013).
Crosstalk exists between central and peripheral clocks as they strive to remain
synchronized within a homeostatic system in order to optimally coordinate all
physiological processes, including gene expression, hormone production, metabolism,
immune function, cellular regeneration, growth, and memory consolidation (Roenneberg
& Merrow 2016, Kryger et al. 2005). Misalignment between central and peripheral
clocks is termed chronodisruption.
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Figure 2. Zeitgeber entrainment of central and peripheral clocks.
Light entrains the central clock located in the suprachiasmatic nucleus (SCN) through the
retinohypothalamic tract. Other zeitgebers, such as social contacts, food, physical activity,
temperature, and humidity entrain peripheral clocks. Crosstalk between central and peripheral
clocks relays timing information between one another as they continually strive for homeostatic
alignment. This crosstalk regulates the timing of all bodily processes and functions via
hormones, metabolites, cytokines, and body temperature. From: “Circadian rhythms–from
genes to physiology and disease.” by T. Bollinger & U. Schibler, 2014, Swiss medical weekly,
144(w13984), p. 3. CC BY-NC.
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Chronodisruption
Chronodisruption is a catchall term for a breakdown in the time order of circadian
organization (Erren & Reiter 2009). This happens when internal clocks fall out of
alignment with one another. Chronodisruption is primarily caused by shift work, Light-AtNight (LAN), jet lag, social jet lag, and irregular eating and sleep times (Reiter et al.
2013). Social jet lag refers to sleep loss caused by work, school, or other social
pressures (as opposed to traditional jet lag, which is caused by crossing time zones).
Acute episodes (e.g., jet lag) are compensated for through homeostatic processes,
whereas chronic chronodisruption results in allostatic load and negative health
outcomes (Reiter et al. 2013).
Chronodisruption can take multiple forms. As publications on the subject have
increased exponentially in the last 20 years, so has the terminology used to
characterize its various aspects (Vetter 2020). Two forms have gained the most
attention in terms of their repercussions on health (Baron & Reid, 2014). One is when
circadian rhythms fall out of alignment with the daily light-dark cycle. The other is when
internal circadian rhythms decouple from one another and become misaligned. An
example of the former is jet lag. The latter of these is the form of chronodisruption
explored within this study. More specially, this study explored the alignment of central
and peripheral clocks as measured by the sleep-wake and wrist temperature rhythms.
This form of chronodisruption is of primary interest because it illustrates the nexus of
crosstalk between all internal clocks and physiological timing within the body.
A robust and growing literature investigates health outcomes related to circadian
rhythms, yet there is a dearth of research downstream on social zeitgebers and the
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proximate social factors implicated in these processes (Roenneberg & Merrow 2016).
To remedy this oversight, I identified and ethnographically contextualized the proximate
social factors that influence chronodisruption by comparing morning and evening types.

Chronotype
Chronotype represents differences in preferred sleep timing. Differences in
chronotype are dependent on genetic background, age, sex, and environment
(Roenneberg et al. 2012). Morning types rise early and perform better in the morning,
whereas evening types perform better in the evening and prefer to sleep in and stay up
late whenever possible. Chronotype exists along a continuum that follows a natural
distribution. Therefore, the majority of people are actually intermediate types, while
morning and evening types represent a much smaller proportion of the population.
However, depending on where intermediate types fall along the spectrum, they may
display tendencies towards morningness or eveningness.
Chronotype is a useful construct to illustrate how socially influenced behaviors
interact with biology. For example, spending one week outdoors camping shifted
evening types into intermediate and morning types (Wright et al. 2013). This was
possible due to alterations in the strength of the following zeitgebers: high amounts of
outdoor light, high day-to-night temperature variation, and lack of access to electronics.
This shows the profound influence that environment and individual behaviors can have
on chronotype. Further, it also suggests that some people may be evening types simply
as a result of high electronics usage combined with an indoor, sedentary lifestyle. In this
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manner, chronotype presents itself as a useful target of inquiry to explore how socially
influenced behaviors become embodied.
Chronotype is associated with differential health outcomes, and thus has been
the subject of considerable scientific inquiry (Almoosawi et al. 2019). Morning types are
associated with good health, lower morbidity, positive affect, higher dietary restraint,
positive health behaviors, earlier meal times, and regular lifestyles (Ross et al. 2016).
Evening types are associated with greater physical and mental health problems, eating
disorders, higher body mass index (BMI), poor dietary restraint, larger meals, and later
eating times (Kanerva et al. 2012). For example, evening types are purported to drink
more alcohol and caffeinated beverages, and be more likely to smoke and use illicit
drugs, eat more fast food and chocolate, and eat less grains, vegetables, fruits, and fish
(Fleig & Randler 2009). Additionally, comparison of healthy young people with nocturnal
(late awakening, skipping breakfast and late dinner) and diurnal (early awakening and
early dinner) lifestyles found the nocturnal group had poorer glucose tolerance and
insulin response, and reduced melatonin and leptin (Reiter et al. 2013).
The negative health outcomes associated with evening types and delayed
sleeping/eating patterns are at least partially the result of incongruity between preferred
sleep timing and social constraints on sleep. According to Roenneberg & Merrow (2016)
“this discrepancy is elicited when ‘normal’ chronotypes are forced to work at extreme
times (e.g., night shifts) or when extreme chronotypes must comply with ‘normal’ work
hours.” This discrepancy is also elicited when morning types do not want to miss out on
the social festivities that evening types are engaged in. Thus, social jet lag interacts with
chronotype: evening types tend to lose sleep during the week as a result of work
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demands, whereas morning types tend to lose sleep on weekends as a result of social
involvement. Social jet lag significantly increases probability of being overweight and is
an equally important predictor of BMI (Roenneberg et al. 2012).
The associations drawn between chronotype and health are presented in a way
that appears to leave little room for questioning. However, these studies focus on
quantitative measures and lack the ethnography necessary to properly contextualize the
sociocultural factors that influence said associations. Further, although these
associations exist, they need to be fundamentally questioned. Being either a morning or
an evening type carries with it the weight of good versus bad character traits that blame
individuals for health outcomes without taking into account the larger structural forces.
For example, evening types forced to wake up early for school or work can suffer from
learning deficits and health consequences as a result of social conventions that are
largely outside of their control.

Social Zeitgebers
Social zeitgebers are stimuli that influence the timing of the circadian rhythms.
They include sleep/eating habits, work/school schedules, patterns of electronics usage
(e.g., television, computer, smartphone), and routines that arise from
familial/social/occupational roles, cultural convention, and social interaction (van
Tienoven et al. 2014). Social zeitgebers are thought to have become primary entraining
forces for circadian rhythms as a result of the changes associated with industrialization
and modernity. As a result of these changes, many people have become increasingly
detached from daily cycles of outdoor light. The only formative attempt to quantify and
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study social zeitgebers among humans is the Social Rhythm Metric (SRM) (Ehlers et al.
1988, Grandin et al. 2006, Monk et al. 1990).
The SRM developed within psychology and effectively improves clinical
outcomes for bipolar disorder (Margraf et al. 2016). The SRM aims to capture the
frequency and level of regularity of daily activities and social contact (Monk et al. 1990).
Aside from bipolar disorder, there exists little research on social zeitgebers in relation to
mental and physical health among non-clinical populations (Margraf et al. 2016, Tighe
et al. 2015). My research aimed to ethnographically identify sociocultural variables left
out of the SRM and to compare social zeitgebers across the spectrum of individuals
with and without chronodisruption in order to better understand how and which social
zeitgebers contribute to the embodiment via circadian rhythms.
In the absence of regular exposure to outdoor light, social zeitgebers, such as
eating schedules, physical activity, and social contacts, can become primary entraining
agents. This is because outdoor light intensities range between 10,000 to >100,000 lux,
whereas indoor light intensities rarely exceed 400 lux and thus provide an insufficient
signal for circadian entrainment (See Table 2). For people who spend the majority of
their time indoors, the lack of outdoor light results in a decreased ability for it to reset the
central clock each day.
When the resetting capacity of outdoor light is diminished due to increased time
indoors, the circadian system naturally looks to other zeitgebers, of more sufficient
strength, to couple with and set the internal temporal rhythms for each day. In this
manner, the circadian timing system naturally anticipates the challenges and energy
demands each day will bring. As a result, zeitgebers of sufficient intensity for the system
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to key in on will differ from individual to individual. Therefore, multiple zeitgebers must
be assessed simultaneously, because deficits in one can compensate for deficits in
another (Margraf et al. 2016, Schroeder & Colwell 2013).

Table 2. Illuminance ranges of different lighting conditions.
Light Environment
Daylight, clear sky
Daylight, overcast sky
Light therapy lamp
Precise indoor workbench
Typical indoor office setting
Living room lighting
Street and walkway lighting
Full moonlight

Approximate Illuminance [lx]
50,000-100,000
1,000-20,000
5,000-10,000
1,000-2,000
300-500
50-200
5-20
<1

Approximate illuminance ranges of different ambient light environments (measured on a
horizontal plane). Lux (lx) is equal to one lumen per square meter. In most cases, these levels
would be lower measured along a vertical plane at viewing level from an overhead light source.
From: “Light and chronobiology: implications for health and disease.” by M. Münch, & V.
Bromundt, 2012, Dialogues in clinical neuroscience, 14(4), p. 449. Copyright © 2012 by Les
Laboratoires Servier. Reprinted with permission.

Eating times are perhaps the strongest entraining influence for peripheral clocks
(Veronda et al. 2020, Wehrens et al. 2017). Second to eating times, modern light-styles
have large impacts on circadian rhythms via increased time indoors and increased LAN
(Reiter et al. 2013). The most harmful form of LAN is the blue-enriched wavelengths of
light produced by Light-Emitting-Devices (LEDs) (Gringras et al. 2015). Given that
eating times and modern light-styles are likely the two biggest causes of
chronodisruption, the social zeitgebers measured in this study were: eating regularity,
eating midpoint, eating after 8pm, skipped breakfasts, Time Above Light Threshold
(TALT), and Light Emitting Devices (LEDs) per night.
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Eating Regularity
Possibly one of the most important social zeitgebers to discuss is eating
regularity. Eating at regular times each day leads to a high degree of circadian
alignment, whereas irregular eating patterns lead to chronodisruption (Ortiz-Tudela et
al. 2016). The ability of the circadian system to anticipate mealtimes provides a
considerable adaptive advantage. It ensures the appropriate pathways are activated at
the proper time in order to fully assimilate nutrient intake. In this manner, usual eating
times ensure optimal nutrient utilization. Unusual eating times, on the other hand,
compromise how food is processed during the postprandial period (Zerón-Rugerio et al.
2019).
Unusual eating times act on nutrient sensing pathways to shift the pathways
involved in the assimilation of nutrients to the newly anticipated feeding time (ZerónRugerio et al. 2019). During this shift, there is a temporary decoupling of the wrist
temperature rhythm from other bodily circadian rhythms until homeostasis is restored.
Chronically irregular eating patterns place the circadian system in a prolonged state of
internal misalignment, thereby setting the stage for negative health effects and chronic
disease (Wehrens et al. 2017).
Eating times play an important role in synchronizing peripheral clocks in the
adrenals, liver, stomach, intestines, pancreas, kidney, heart, and lungs (Patton &
Mistlberger 2013). Several epidemiological studies emphasize the importance of early
habitual meal times (St-Onge et al. 2017). For example, delayed meal timing increases
risk for obesity and metabolic syndrome (Allison et al. 2014) and is associated with a
reduced thermal effect of food on wrist temperature, blunted daily cortisol rhythm,
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decreased resting energy expenditure, decreased fasting carbohydrate oxidation, and
decreased glucose tolerance (Bandín et al. 2015). For example, overweight and obese
dieters with later eating patterns lose significantly less weight than those who have an
earlier eating pattern, even after controlling for energy intake, energy expenditure, sleep
duration, hormone levels, and macronutrient distribution (Laermans & Depoortere
2016).

Eating Midpoint
Both eating midpoint and lunch time have been used in other studies to assess
the circadian phase of habitual meal timing (Zerón-Rugerio et al. 2019, Veronda et al.
2020). Being that it is ‘sandwiched’ between the first and last eating episode of the day,
this metric is less subject to bias from those who skip breakfast or dinner. Additionally,
unlike other studies that propose the use of lunch time, eating midpoint removes the
cultural baggage associated with whether or not a person consumed a meal or a snack,
and whether or not they follow the three meal-a-day model.

Eating After 8pm
Eating after 8pm has gained much scholarly and public attention in regards to
chronodisruption. Eating after 8pm disrupts circadian rhythms and results in adverse
effects on weight and health (Marinac et al. 2016, Hutchison & Heilbronn 2016, St-Onge
et al. 2017). For example, eating late dinners and consuming more calories in the
evening is associated with increased total energy intake, weight loss difficulty (Allison et
al. 2014), higher risk for obesity and diabetes (Asher & Sassone-Corsi 2015), higher risk
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for breast cancer (Marinac et al. 2016), short sleep duration, and evening chronotype.
Additionally, night eaters (those who wake in the night and eat) typically skip breakfast,
consume most of their calories in the evening, have delayed bedtimes, and are obese
(Qin et al. 2003).

Skipped Breakfasts
Skipping breakfast is another behavior implicated in chronodisruption (Veronda
et al. 2020). This is likely due to its influence on the liver circadian rhythm (Hirao et al.
2010). Skipping breakfast is associated with evening chronotype, eating after 8pm, and
overweight, obesity, and diabetes (Reutrakul et al. 2014, Ballon et al. 2019, Ma et al.
2020). This is not surprising, given that breakfast consumption has been widely
identified as important for metabolism (Ribas-Latre & Eckel-Mahan 2016).
Although breakfast is commonly described as the most important meal of the
day, contemporary eating patterns in the U.S. suggest otherwise (Spence 2017).
Breakfast consumption has declined in recent years, and upwards of 20-30% of U.S.
adults skip it entirely (St-Onge et al. 2017). Although definitions of breakfast vary
between studies, this study operationalized breakfast as the first eating occasion upon
waking prior to 10am. This is in line with the majority of other studies that examine
breakfast skipping (St-Onge et al. 2017).

TALT, LEDs per night
In addition to eating times, light exposure patterns have large influences on the
timing of circadian rhythms (Münch et al. 2020). Outdoor light and LAN are two light-

51

related variables that have gained much attention. Reduced exposure to outdoor light
during the day, and greater light exposure at night, results in weaker entrainment to the
daily light-dark cycle. Weaker entrainment to daily cycles of outdoor light results in
circadian misalignment that can shift individuals to a later chronotype. It also results in
circadian disruption of the sleep-wake rhythm (e.g., less stability, less amplitude, greater
fragmentation) (Reiter et al. 2013, Roenneberg & Merrow 2016). This study measured
daily exposure to outdoor light via TALT. TALT is the amount of time spent in light
greater than 1,000 lux. I also calculated TALT for levels greater than 10,000 lux as well.
LAN is a primary circadian disruptor that reduces evening sleepiness, dampens
melatonin secretion production by ≥50%, and delays bedtimes. These factors keep
individuals up later into the night. At the same time, LAN stimulates caloric
consumption, increases preference for fatty and sweet foods, and impairs glucose
regulation (Reiter et al. 2013). The culmination of these factors results in weight gain
from greater time spent awake at night craving and eating unhealthy foods. Cancer,
cardiovascular disease, metabolic syndrome, insomnia, and affective/cognitive
disorders can also be aggravated by increased LAN (Reiter et al. 2013).
The spectral composition of light is important to consider in addition to the
quantity of light. Blue light, in particular, is a powerful waking signal produced by
computer, television, and smartphone screens (Laermans & Depoortere 2016). The light
produced by these devices delays and reduces melatonin secretion, which results in
reduced evening sleepiness, later bedtimes, longer time to fall asleep, later timing of the
circadian clock, and even reduced next-morning alertness (Chang et al. 2015). This is
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significant because 90% of adults in the U.S. use electronics at least a few nights per
week within 1 hour of bedtime (Chang et al. 2015).

Proximate Social Factors
Despite the recognized importance of sociocultural variables in the etiology of
chronodisruption, this association has been understudied within circadian biology
(Roenneberg and Merrow 2016). Proximate social factors include any persons, tasks,
social demands, or structures that influence the timing of sleep, eating, exposure to
light, physical activity, or interactions with others. More specifically, this study examined
how daily and weekly schedules are influenced by factors such as school, work, family
roles, responsibilities, goals, values, emotions, motives, resources, norms, beliefs,
status/gender differences, and cognitive appraisals.
In order to examine the construction of everyday experience, my attention
focused on how activities, practices, and settings that make up the daily routine were
framed by their ecocultural context. I analyzed the ecocultural context in terms of both
its resources and constraints. My approach situated the individual as an active agent
amidst a micro-system of settings, customs, and social actors. The overall framing and
perspective of my approach was based on the following works: Super & Harkness
(1986), Harkness & Super (1994), Worthman (2010), Worthman & Melby (2002),
Weisner (1997). I additionally examined interactions between lived experiences and
living conditions in relation to individual capacities, characteristics, and interests.
According to Worthman (2010), this is where culture ‘gets under the skin’ and therefore
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the primary site to understand issues of embodiment, adaptation, vulnerability, and
resilience.
Even though circadian biologists recognize the importance of sociocultural
variables, they generally haven’t developed the theory and methods necessary to
properly operationalize and investigate them. Anthropologists are uniquely equipped to
remedy this oversight and, in doing so, can extend anthropological inquiry into the realm
of circadian rhythms. This line of inquiry can likewise expand theoretical discussions in
regards to embodiment and practice theory, while providing a new mechanism for
considering embodiment. Anthropological research, like this project, helps to create a
more complete picture of how biology and culture collectively constitute one another.
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CHAPTER 3
METHODOLOGY

In an effort to better understand how everyday life ‘gets under the skin’ to cause
chronodisruption, this study investigated college students who were morning, evening,
and intermediate chronotypes. This research examined whether social zeitgebers varied
by chronotype, and how proximate social factors influenced the timing of eating and
sleeping, and thus contributed to chronodisruption. See Table 3 for a detailed summary
of how data collection and analysis answered each research question. This chapter
summarizes the mixed methods used in this research, including the novel integration of
sleep actigraphy, photo food journals, and photo elicitation interviews. After first
introducing these innovative methods, I will then describe participant recruitment,
sampling, and study procedures.

Proposed Methodology
My chosen methodology for this study was a mixed methods approach. The
strength of this approach was that it paired the nuanced, context specificity of qualitative
findings with quantified measurements that demonstrated the extent and degree of
observed associations. In other words, it provided a way to link subjective embodied
experiences with biometrics that rooted them in ways that were measurable and
demonstrable. Additionally, the innovative qualitative and quantitative methods used in
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Table 3. Summary of research questions, methods, and analysis.
Research Questions Methods
1. What proximate
• Actiwatch
social factors
• iButtons
influence
• Study Diary
chronodisruption?
• Photo Food
Journal
• Sleep Influences
Photo Prompt
• Semi-Structured
Interviews
• Photo Elicitation
Interviews

2. Are there
differences in social
zeitgebers between
chronotypes?

3. How do everyday
experiences explain
differences in
chronodisruption
between morning
and evening types?

• MEQ
• Actiwatch
• iButtons
• Study Diary
• Photo Food
Journal
• Sleep Influences
Photo Prompt
• Semi-Structured
Interviews
• Photo Elicitation
Interviews
• MEQ
• Actiwatch
• iButtons
• Study Diary
• Photo Food
Journal
• Sleep Influences
Photo Prompt
• Semi-Structured
Interviews
• Photo Elicitation
Interviews

Analysis
• Clean and score Actiwatch and iButton data.
• Calculate IS, IV, RA, M5h, M5v, L5h, L5v, CFI,
and DI for sleep-wake, wrist temperature,
ambient light, and ambient temperature.
• Tally results from study diary and photo
food journal.
• Plot wrist temperature and eating occasions
over stacked 24-hr periods.
• Identify proximate social factors. Create
codes and memos for them.
• Query data to understand similarities and
differences between aligned and misaligned
participants.
• Extract themes and exemplary quotations.
• Calculate social zeitgebers: eating
regularity, eating midpoint, eating after
8pm, skipped breakfasts, TALT, LEDs per
night.
• Code interview data and photos for social
zeitgebers. Identify additional social
zeitgebers. Create codes and memos for
them.
• Query data to understand similarities and
differences in social zeitgebers between
chronotypes.
• Extract themes and exemplary quotations.
• Identify salient everyday experiences.
Create codes and memos for them.
• Query data to understand similarities and
differences between aligned and misaligned
participants by chronotype.
• Extract themes and exemplary quotations.
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this study were selected to answer this study’s research questions in ways that would
extend theoretical discussions within anthropology.
The same devices that were able to measure the sleep-wake and wrist
temperature rhythms also were able to measure ambient temperature and light.
Together they provided a means to assess participants’ free-living circadian rhythms in
conjunction with the two most potent environmental zeitgebers. This provided a way to
test hypotheses in evolutionary medicine, and extend evolutionary medicine research in
the realm of circadian rhythms. It also is presented as a new method to ground
phenomenological approaches to embodiment in physiological measurement.
The visual methods used in this study were chosen to access participants’
phenomenological experiences and to draw out narratives in regards to the factors
influencing chronodisruption in their daily lives. The visual methods used in this study
also served to democratize the research process as they enlisted participants in the cocreation of data. Participants were also involved in the process of analyzing data and
generating explanatory frameworks as these methods created the reflexive space that
enabled participants to do so. In this manner, the visual methods used in my research
are presented as a novel strategy to produce rich emic descriptions and emic insights
that illustrate and bring meaning to biometrics and other forms of discrete, quantifiable
data.
Any methodology selected for research carries with it advantages and
challenges. The main strengths of this approach were its holistic perspective and the
inclusion of participants as co-researchers. The mixed methods approach was also
useful in that I was able to cross-check and triangulate data. The main drawback to this
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combination of methods was the sheer amount of data generated. I had to distill out
only the most relevant and impactful findings, because it would have taken volumes to
present the entirety of what could have been gleaned from this combination of methods.

Sleep Actigraphy
Sleep actigraphy has been used in the measurement of sleep and circadian
rhythms for over 20 years (Cole et al. 1992, Ancoli Israel et al. 2003, Van de Water et
al. 2011). These measurements are made by a small, rugged, and highly sensitive
wrist-worn accelerometer (Actiwatch 2). This device measures wrist movements in the
form of activity counts in order to identify periods of rest from activity and infer sleep and
wake periods. This is accomplished via algorithms in the accompanying software that
also calculate the following sleep characteristics: bedtime, waketime, sleep onset, sleep
offset, total sleep time, sleep onset latency, sleep efficiency, wake after sleep onset,
number of awakenings, duration of awakenings, and snooze time (See Table 4).
The strengths of this method are its ability to capture objective and ecologically
valid measurements over long time periods with low participant burden, low cost, and an
absence of first night effects (Tryon 2008, Sadeh 1994). Further, sleep actigraphy has
been validated in healthy and clinical populations, and across age groups (Littner et al.
2003, Morgenthaler et al. 2007). Although polysomnography (PSG) is considered the
gold standard for assessment of sleep (Van de Water et al. 2011), its primary purpose is
to record physiological correlates of sleep and the cycling of sleep stages. Reasons that
make it impractical for field use, and thus the study of circadian rhythms, is that it is
costly, invasive, and disruptive to participants’ normal sleep routines. Alternatively,
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sleep actigraphy is the standard method for non-invasive measurement of circadian
rhythms among free-living populations. It has been validated against PSG, with a
correlation of more than 0.9 in healthy individuals for sleep duration (de Souza et al.
2003).

Table 4. Sleep characteristic calculated by Actiwatch software.
Sleep Characteristics
Bedtime
Waketime
Sleep Onset
Sleep Offset
Total Sleep Time
Sleep Onset Latency
Sleep Efficiency
Wake After Sleep
Onset
Number of
Awakenings
Duration of
Awakenings
Snooze Time

Definition
The start of rest period containing sleep bout
The end of rest period containing sleep bout
The time sleep begins (i.e., beginning of sleep bout)
The time sleep ends (i.e., end of sleep bout)
The total time asleep (i.e., total time scored as sleep from
sleep onset to sleep offset)
How long it takes to fall asleep (i.e., the time elapsed from
bedtime to sleep onset)
The percentage of time spent asleep during the rest period
containing sleep bout
The amount of time in minutes spent awake during rest period
containing sleep bout
The number of times a person wakes up during sleep (e.g., to
use the bathroom)
The average amount of time spent awake before going back to
sleep
The length of time it takes to get up (i.e., the time elapsed
from sleep offset to waketime)

Algorithms in the accompanying software use the raw activity counts to score each epoch as
rest or active, and as either sleep or wake, in order to calculate these sleep characteristics.

Sleep actigraphy is more accurate than subjective methods for assessing sleepwake patterns. Self-report and time-diaries are not always concordant with each other,
nor with objectively measured sleep (Knutson & Lauderdale 2007, Tryon 2004). For
example, it is common for individuals to report poor subjective sleep quality after
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objectively having a very sound night of sleep (Van Cauter 1997). Self-report methods
tend to overestimate sleep duration (Silva et al. 2007). Estimates between methods may
differ by over an hour and vary systematically by individual (e.g., age, gender, presence
of clinical disorder) (Jackson et al. 2020, Van Den Berg et al. 2008, Lauderdale et al.
2008).
The main limitation of sleep actigraphy is that it has trouble differentiating periods
of quiet wakefulness from sleep, a problem that is magnified in individuals with insomnia
and others who spend more time in quiet wakefulness (Blood et al. 1997). This limitation
is typically mitigated by asking participants to fill out a sleep diary with their bedtimes
and waketimes as an adjunct to wearing the device (Tonetti et al. 2008).
Reframing the issue of quiet wakefulness can cast it in a different light.
Potentially, it could represent a strength rather than a limitation. Quiet wakefulness is
more restful than physical activity, while activity during sleep can be considered less
restful. Therefore, sleep actigraphy may present a more nuanced measurement of
activity-rest patterns than simple binary classifications of sleep and wakefulness.
Viewing consciousness along a continuum of sleep and wakefulness accommodates
liminal (betwixt and between) periods of ‘not necessarily asleep’ and ‘not necessarily
awake’ to provide richer description, greater resolution, and possibly more meaningful
comparison data for health variables.
In biomedical theory, PSG has come to define ‘what sleep is’ and ‘what sleep
isn’t’. Few have questioned this occurrence due to its appearance as “social fact.”
Critics have noted that PSG definitions of sleep are systematically inconsistent with
behavioral measures of sleep (e.g., lack of movement, initiation of rapid eye movement
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sleep, changes in breathing, object drop test, reaction to audible sound test). Most
behavioral criteria are met before the onset of PSG-defined sleep and each criterion
displays systematic differences in total sleep time and sleep onset latency (Blood et al.
1997). Tryon (2004) argues this accounts for the differences observed between sleep
actigraphy and PSG (See Figure 3). Although PSG is undoubtedly the best method for
measuring sleep stages and their cycling, some now question the appropriateness of
PSG for defining when sleep onset begins.

Figure 3. Three phases in the sleep onset spectrum.
Behavioral correlates of each phase in the sleep onset process highlight gradual changes in
consciousness along the spectrum of wake to sleep. Differences in sleep onset times between
actigraphy and polysomnography indicate they key in on different phases of the sleep onset
process. Reprinted from “Issues of validity in actigraphic sleep assessment.” by W. W. Tryon,
2004, Sleep, 27(1), p. 160. Copyright © 2004 by Oxford University Press. Reprinted with
permission.

The Actiwatch (Mini-Mitter Inc., Bend, Oregon) is one of the most-used sleep
actigraphy devices. The auto setting has the highest validity, because it does not have a
fixed reference value and instead takes into account individual activity night-by-night
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(Tonetti et al. 2008). Since sleep varies day-to-day, five or more nights of recording are
necessary. A full week is preferred to capture both weekday and weekend sleep (Acebo
et al. 1999). The recommended sampling rate for data collection is a 30-second epoch
(Lichstein 2006).

Photo Food Journal
Recently, ‘snap-and-eat’ methods of food recording have emerged as
alternatives to manual logging. This method involves simply pointing a camera and
snapping a picture. It is far less difficult, time-consuming, and burdensome than
traditional food journals (Cordeiro et al. 2015). Further, the photos generate time stamps
that easily and accurately track eating times, as well as the foods consumed. While
some applications of this method use the photos to estimate caloric intake (Zhang et al.
2015), others are more interested in uncovering the everyday rhythms in eating habits.
Photos reveal patterns that would not have become evident in traditional food
journals. These patterns include the color palate of meals, location where meals were
consumed, emotions from when the meal was eaten, and particulars of eating habits.
For example, a person might find they mostly eat foods with little color, or that they tend
to stuff their plate. Aggregated photos will show some eat regularly, others only now and
then; some all through the day, others mostly late at night. A typical number of photos
per day is 5-6, although a “nibbler” may produce nine (Ruckenstein 2015).
The photo food journal served as a prompt for the photo elicitation interviews to
reveal how daily practices shape, and are shaped by, temporal orders of the everyday.
For example, Cordeiro et al. (2015) found participant photos supported rich recall.
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Although food was in the foreground of photos, the backgrounds often included the
context of where the food was eaten, such as in front of a laptop. This enabled
participants to remember better about the foods that were eaten, where they were, who
they were with, what they did that day, events prior to and after eating that food, and
even how they were feeling at the time. The emotional connections participants had to
photos drew out narratives that described the people, places, and things that influenced
their dietary patterns and food choices. Participants even went further, and used the
photos to identify higher-level trends in their eating habits.
The limitations of this method are that it may cause people to change their eating
patterns, systematically omit or add new foods, not photograph all of the food they eat,
or begin to focus on the aesthetics and presentation of the food. Studies estimate this
impact is small and that the benefits far outweigh these limitations (Cordeiro et al.
2015).

Photo Elicitation Interviews
Photo elicitation interviews (Collier 1957, 1986) are a participatory method with a
long research tradition that is influenced by phenomenological, feminist, and critical
approaches. Reviews include: Harper 2002, Hurworth 2003, Packard 2008. This
method uses photographs, often generated by the participants themselves, as interview
prompts to examine and discuss everyday realities. For example, Valera et al. (2009)
used photo elicitation to understand food access among low-income and homeless
women. As another example, Johnson et al. (2010) used photo elicitation to understand
matrilineal influences on family food choices.
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Photo elicitation interviews are often used with vulnerable, marginalized, and
hard-to-reach populations because they empower participants to document,
contemplate, discuss, and for their daily lived realities. Additionally, it provides the arena
for participants to generate solutions to the challenges they face, and thus creates a
vehicle for social commentary and change. Furthermore, this methodology balances
power between the researcher, researched, and dominant members of society.
The act of framing and taking a photograph itself can lead participants to see
everyday practices in a new light that invites reflexivity. It requires the photographer to
take on the role of a somewhat distanced and contemplative “quasi-outsider” in relation
to the subject matter that is being photographed (Yamashita 2002:4). This form of
positionality, with one foot inside their reality and one foot outside of it, blends both
insider’s and outsider’s perspectives in a manner that catalyzes “deeper reflection and
more meaningful interpretation of events and circumstances” (Dennis et al. 2009:468).
This constructive reflection can even be transformative and often incites participants
themselves to generate critical analyses and novel solutions in regards to the
challenges they confront in their everyday lives (Richard & Lahman 2015).
In terms of research questions, Collier (1957) found photo-elicited interviews
produce rich data that interviews and surveys alone would not have obtained. Strengths
of this method are: it reduces participant burden, relieves the strain of being questioned,
sharpens the memory of participants, facilitates discussions that are otherwise hard to
put into words, helps participants provide explanations for taken-for-granted activities,
triggers new understandings of social systems, and reveals subtle/unnoticed
relationships. It also aids participants in examining their understandings, thoughts, and
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actions in social situations (Richard & Lahman 2015). An additional strength of this
method is that it draws participants into the research process through the coconstruction and analysis of data. In summary, these strengths make photo elicitation
an effective method to produce narratives about the mundane and routine aspects of
daily life. It is thereby well suited to uncover and contextualize the proximate social
factors that influence chronodisruption.

The Participants
For this study, I sought out to recruit college students at the University of South
Florida who were either morning or evening types. This population was chosen because
college represents a transitional period in people’s lives with many competing demands
(e.g., academics, friends, dating, future goals, exploration, finding one’s self, etc.). This
provided an opportune setting to better understand how trade-offs in time allocation may
differ between morning and evening types, how those decisions structure the timing of
eating and sleeping, and how those choices influence chronodisruption.
The University of South Florida was chosen because I had access to
infrastructure for recruiting college students. I also believed the student body was large
enough that I would be able to find an adequate number of participants. I defined the
adequate number of participants for this research as the amount that would be large
enough to reach code saturation in the interview data. The sample also needed to be
large enough to allow for comparison between groups (aligned/misaligned, men/women,
morning/evening). Pragmatics was an additional consideration, given my limited
resources and considering the large quantity of data that the novel combination of study
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instruments used in this project would generate. Given those factors, a key tradeoff to
consider was that what may be gained in terms of breadth might be lost in terms of
depth. Additionally tied up in the consideration of the large amount of data that would be
generated, was the reality that the respondent burden was an additional challenge to
recruitment as participants were asked to complete three one-hour interviews, wear the
mobile devices for two weeks, complete morning and evening diary entries each day for
two weeks, and take pictures of everything they ate for one week.
Given the considerations listed above, and that my plan was to conduct three
one-hour long interviews with each participant and analyze them using a reflexive
thematic approach, I drew on Guest et al. (2006) to estimate that twelve participants
would be enough to reach code saturation. I planned to follow the example of Martins
(2008) who reached saturation at 12 participants and then interviewed an additional
three participants to ensure that no new themes emerged. Additionally, given the group
comparisons that were planned (aligned/misaligned, morning/evening, and
men/women) I decided to aim to have a total of four participants represent each
comparison group. In the end, sixteen college students were deemed an adequate
sample size after taking into consideration my available resources.
Thus, I set my goal to recruit eight morning types (four men and four women) and
eight evening types (four men and four women). Given that chronotype follows a normal
distribution (the majority of people are intermediate chronotypes) and varies with age
(younger people tend to have later chronotypes than older people), I knew I would need
to screen a large number of students in order to find the desired number of morning and
evening types. I also knew that morning types would be fewest in number on a college
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campus. In the event that I was unable to find enough morning and evening types for
the study, I realized that I might need to fill in as needed with intermediate types.
My population of interest provided a constraint to eligible participants that also
prevented random selection. Random selection is often a key component in the
generalizability of research findings to the larger population. Generalization is an effort
to simplify understanding, to see how it holds true under a variety of circumstances. The
aim of this research was not to recreate large-scale studies that already demonstrated
statistically significant links between chronodisruption and health. Rather, the aim of my
research was to qualitatively explore the everyday lives of individuals in order to provide
the context needed to better understand the broad trends that the large-scale studies
have already demonstrated. Further, my research sought to identify new targets of
inquiry to be explored in future large-scale studies. Finally, an additional goal of my
research was to assess the utility of this unique integration of qualitative and
quantitative research methods, and to do so in a way that did not privilege or afford
greater weight to the quantitative methods. Thus, the focus of my research was depth,
rather than breadth.
In order to select participants for this study, I followed a stratified targeted
sampling strategy (Watters & Biernacki 1989, Carlson et al. 1994). Since chronotype
follows a normal distribution within populations, and morning and evening types are at
opposite tails of this distribution, I selected the most extreme chronotypes at either of
these tails to invite for inclusion in the study. I also determined that if the study needed
to be opened up to intermediate types, who represent the population between the two
tails, that I would select those who were closest to the very middle. This sampling
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strategy sought to recruit the strongest representatives for each typology, and to avoid
individuals whose MEQ scores straddled borderlines between chronotypes.

Procedures
This study was approved by the Insitutional Review Board (IRB) at the University
of South Florida (#Pro00038734) (See Appendix A). All participants provided written
consent prior to participating in the study. At the end of the study participants indicated
which photos they authorized to be published and provided verbal and written consent
for the photographs that they created to be published in works that resulted from this
study.
To begin my search for morning and evening types, I conducted street-intercept
surveys on the University of South Florida campus. The street-intercept method
involves selecting a geographic catchment area and asking passersby if they are
available to participate in the survey (Bernard 2006). Miller et al. (1997) used this spatial
sampling method to successfully reach young African-American men, who previously
had low response rates to telephone and mail surveys. Street-intercept surveys usually
have high response rates if they are short, and quick to complete.
I selected two locations on the USF Tampa campus where students congregate
in large numbers during the first week of the semester, known as the ‘Week of
Welcome.’ One was in between the Marshall Student Center and the bookstore, and the
other was in front of the library. Since many students have classes falling on either a
Monday/Wednesday or Tuesday/Thursday schedule, I made sure to visit each site on
each of those days. Further, since I wanted to recruit both morning and evening
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chronotypes, I also made sure to visit each site in the morning from 8-10am, and again
in the afternoon from 1-3pm as well. These times were chosen because they were the
busiest times on campus.
In order to gain the attention of passersby and invite them to participate, I created
a display table. It is quite customary to create a display table during the “Week of
Welcome,” as many student organizations and services often do. My table display
included a poster board that explained the purpose of the study, a prize wheel, and
prizes laid out on the table. The prizes on the table included store-bought cupcakes as
well as colorful pens, notepads, erasers, and sunglasses. When people came to the
table, I told them they could spin the wheel to get a prize.
When people came up to the table, I briefly explained my study and then asked if
they would like to take a quick two-minute “quiz” to find out their chronotype. This “quiz”
was the five-item reduced Morning-Eveningness Questionnaire (MEQ-r) developed by
Adan & Almirall (1991) and validated for use with young adults (Natale et al. 2006). I
received verbal informed consent and confirmed that they were over eighteen years of
age before giving them the MEQ-r. After they filled out the MEQ-r and discovered their
chronotype, I inquired as to their availability and willingness to serve as a potential
research participant. If they indicated a willingness to participate in the research, I then
asked them to write down their contact information in the form of their name, phone
number, and email address.
I also recruited participants via university listservs. Two rounds of emails were
sent to USF Talk (the university-wide listserv) as well as the departmental listservs for
Public Health, Anthropology, and Psychology. One round was sent during the summer
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of 2019 and one in the fall of 2019. The email explained the study and directed anyone
interested in participating to a link to fill out the MEQ-r.
I began the process of selecting and scheduling participants by sorting all MEQ-r
results by chronotype. Out of the people who indicated willingness to participate, I
selected whom to invite based on their MEQ-r score (See Table 5). I gave priority to
definite morning and definite evening types whenever possible (>22 or <4), and next
priority was given to those whose score was farthest away from being borderline
intermediate types (18-19 or 10-11).

Table 5. MEQ-r scores by chronotype.
MEQ-r Score
22-25
19-21
11-18
8-10
4-7

Chronotype
Definite Morning
Moderate Morning
Intermediate
Moderate Evening
Definite Evening

I first contacted potential participants via email. If they did not respond to the
email within three days, I then contacted them via text. If they did not respond to the text
within three days, I moved on to contact the next eligible participant. When I did receive
a response that indicated continued willingness to participate, I asked if they had
anything out of the norm coming up in the next two weeks that would alter their regular
daily schedule, such as a trip out of town or a major exam. Together we agreed upon a
start date that would capture the most mundane and ordinary two weeks possible.
I explained to each participant that, if they chose to, they could download an app
on their phone for the photo food journal portion of the study. I explained that
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downloading the app was completely voluntary, and that their decision would not impact
their ability to be in the study. I then asked if they had a smartphone (everyone did) and
asked if they would like to download the YouAte app to their phone in order to take
pictures of the foods they ate (everyone did).
Each meeting involved me travelling to campus and meeting participants in an
empty classroom or conference room in the Social Science building. Each meeting
lasted approximately one hour, and included a semi-structured or photo elicitation
interview. At the beginning of the first meeting, I first obtained written informed consent
and then asked participants to fill out the full Morning-Eveningness Questionnaire
(MEQ) developed by Horne & Östberg (1976). I then tallied up the results to see if they
matched their MEQ-r score. When the two did not match, I assigned the participant to
the study group indicated by their full MEQ score. If that study group was already filled, I
told the participant that they were no longer eligible to participate in the study.
At the first meeting, I fitted participants with the Actiwatch and iButton devices
(See Figure 4). The iButton that measured wrist temperature was affixed to the interior
of the Actiwatch wristband, so that it rested on the radial artery. I explained to the
participants how both devices worked. Participants were given all necessary instructions
to protect the integrity of data collected and to avoid damaging the devices. The
instructions included to avoid getting the devices wet, and to only remove them if
necessary (such as to bathe, go swimming, wash dishes, etc.).
The iButton that measured ambient temperature was given each participant
mounted on a fob to be placed on the participant’s key ring (See Figure 4). Participants
were asked if they habitually take their keys with them everywhere they went (all of
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them said that they did). They were given basic instructions that included avoiding
getting the iButton wet.
Next, participants were given the study diary (See Appendix B). I gave
participants instructions for filling out each question in the study diary. I also showed
them one part was to be filled out each morning, and the other each evening.

Figure 4. The Actiwatch and iButtons used in this study.
An iButton was retrofitted onto the inside of each Actiwatch to measure wrist temperature. An
additional iButton was mounted on one key fob for each participant in order to measure ambient
temperature. The small silver button on the side of the Actiwatch is an event marker button that
participants were asked to press when they went to bed and when they got up.

Finally, I showed participants how to navigate the YouAte app that was used for
the photo food journal. We practiced taking the first picture together and this created a
time stamp for the study start time. I showed them how to click on the picture that was
taken in order to answer six quick questions in regards to each eating occasion (See
Appendix C, Figure 28). I instructed them to take pictures of every single thing that they
ate. I explained they did not need to take pictures of drinks like water, tea, or soda.
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However, I did ask them to include drinks that could be conceptualized as a meal
replacement, dessert, or snack, such as smoothies or milkshakes.
At the beginning of the final meeting, I collected the Actiwatches, iButtons, and
study diaries from participants. I then downloaded data from the Actiwatch and both
iButtons to the computer while answering any questions they had about the study or
about circadian rhythms in general. I further discussed the research project and
informed participants I would make the completed findings available to them. At the
conclusion of the final meeting, I gave participants their $50 VISA gift card as
compensation for their time and effort.

Data Collection
My research followed a mixed methods approach in which qualitative and
quantitative data were collected concurrently (See Appendix D). I first determined if
participants were morning, evening, or intermediate types. I then used photo food
journals and the ambulatory measurement of sleep and wrist temperature rhythms to
assess participants for chronodisruption and measure social zeitgebers. I also
conducted semi-structured and photo elicitation interviews to elicit personal narratives in
regards to: household makeup; daily and weekly schedules; and beliefs, habits, and
values related to sleep and eating.

Determining Chronotype
Chronotype was determined using the full MEQ. This is a 19-item questionnaire
with Likert-type responses (Horne & Östberg 1976). The MEQ was originally validated
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for use among young adults aged 18-32 years. Validation studies have correlated the
MEQ with body temperature, melatonin, and cortisol rhythms (Levandowski et al. 2013).
The reduced version, the MEQ-r, is a five-item questionnaire that was developed by
Adan & Almirall (1991) and has been validated for use with young adults (Natale et al.
2006).

Measuring Chronodisruption and Social Zeitgebers
Chronodisruption was measured using the Desynchronization Index (DI)1, which
is the absolute difference between midpoint of maximal wrist temperature (M5h) and
midpoint of minimal activity (L5h) (Ortiz-Tudela et al. 2016). This assessed the
synchronization of central and peripheral clocks via the sleep-wake rhythm and wrist
temperature rhythm. The sleep-wake cycle is a proxy measure of the central clock,
whereas the wrist temperature rhythm is a proxy measure for peripheral clocks. When
these decouple from one another, the result is chronodisruption. The further misaligned
the two are, the higher the DI score.
The Circadian Function Index (CFI) was used to assess the robusticity of each
participant’s circadian rhythm (Ortiz-Tudela et al. 2016). The CFI is a composite score
based on averaging Interdaily Stability (IS), Intradaily Variability (IV), and Relative
Amplitude (RA). These nonparametric measures of circadian functioning estimate the
level of stability (IS), fragmentation (IV), and amplitude (RA) of the circadian rhythm

1

DI is now somewhat of a misnomer given recent efforts to standardize the terminology
used to describe chronodisruption. These efforts have led to reformulations in how
various aspects of chronodisruption are defined (Vetter 2020). Following the new
recommendations, this variable now would be more accurately termed the
‘Misalignment Index.’
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(Brown et al. 2019). CFI is calculated separately for sleep and wrist temperature
rhythms. For participants with chronodisruption, the CFI was used to help discern
whether chronodisruption was linked to the central clock, peripheral clocks, or both. The
circadian biomarkers IS, IV, and RA were interpreted alongside interview data and
provided additional insight into individual and group differences.
The social zeitgebers investigated in this study were measured concurrently via
Actiwatch and photo food journal data collection (See Table 6). These variables were
the result of averaging the daily values across the study period for each participant. The
majority of these variables were quite simple to acquire, either by counting their
instances (eating after 8pm, skipped breakfasts, LEDs per night), by finding the middle
time point between the first and last eating occasion (eating midpoint), or by referencing
the Actiwatch device readout (TALT). Eating regularity, however, required a more
involved approach to calculate.
Eating regularity is typically assessed by asking participants how regular their
eating patterns are, or by asking them how regular they eat each of three main meals of
the day (breakfast, lunch, and dinner). The problems with these self-report methods are
that they rely on subjective self-assessments that may be inaccurate, and they are
prone to response bias (Bernard 2006). Other studies typically measure eating
regularity via eating frequency, which is a poor proxy that represents another metric
entirely (Leech et al. 2015). Some have attempted to overcome these limitations by
dividing the day into segments for the main meals of the day (breakfast, brunch, lunch,
supper, dinner, night) and counting the number of eating occasions within each
segment (Leech et al. 2017).
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Table 6. Social zeitgebers measured in this study.
Social Zeitgeber
Eating Regularity

Method of Assessment
Photo Food Journal

Relevance to Chronodisruption
Regular eating times are associated with a
high degree of circadian alignment, whereas
irregular eating times are association with
chronodisruption (Ortiz-Tudela et al. 2016).

Eating Midpoint

Photo Food Journal

Phase marker for habitual eating time
window (Veronda et al. 2020). Mistimed
eating is associated with chronodisruption
(Challet 2019).

Eating After 8pm

Photo Food Journal

Eating after 8pm disrupts circadian rhythms
and is associated with eating after 8pm and
skipping breakfast (Marinac et al. 2016,
Hutchison & Heilbronn 2016, St-Onge et al.
2017).

Skipped
Breakfasts

Photo Food Journal

Skipping breakfast is associated with evening
chronotype and eating after 8pm (Reutrakul
et al. 2014), and is implicated in
chronodisruption (Veronda et al. 2020).

Time Above Light
Threshold (TALT)

Actiwatch

Reduced exposure to outdoor light is
associated with chronodisruption and can
shift individuals to a later chronotype
(Roenneberg & Merrow 2016).

LEDs per night

Study Diary

LED use at night is associated melatonin
suppression and chronodisruption (Reiter et
al. 2013).
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The segmentation method is useful in that it can assess habitual eating times as
well as the regularity of eating during each segmented block of time. However, the
problem with this method is that it is based on cultural presuppositions about mealtimes.
Not everyone follows the traditional breakfast, lunch, and dinner pattern. Some people
eat one or two meals a day. Others rarely eat meals at all, and tend to snack throughout
the day instead. Additionally, the boundaries between time segments themselves are
based on cultural assumptions about when mealtimes should occur. They impose
normative mealtimes of lunch at noon and dinner at 5pm. This can effectively mark
those who eat at different times of the day as disordered eaters.
Another issue with the segmentation method is the effect the predefined,
arbitrary boundaries can have on data scoring itself. The boundaries between segments
impose temporal divisions that can obscure regular eating patterns, if they happen to fall
along the boundaries between segments. For example, if lunch is defined as occurring
between 11am-1pm, and someone had the habit of eating around 1pm each day, then
they would have eating times falling on either side of the 1pm boundary. So, even
though they were eating at the same time each day, half of those eating occasions
would be scored in the segment prior to 1pm, and the other half would be scored as
belonging to the segment after 1pm, thus quantifying their eating was half as regular as
it actually was.
In order to overcome the limitations of previous approaches to quantifying eating
regularity, I developed a method that better takes into account the nature of circadian
data. The first step in analysis of circadian data is always the visual inspection of
actograms (Refinetti et al. 2007). This is because the eye is better able to identify
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patterns in circadian data, as well as to rule out any artifacts. Additionally, visual
inspection is able to identify habitual eating times regardless of when they occur. It does
not impose cultural expectations of when mealtimes should be, rather it assesses eating
times where they are.
The wrist temperature rhythm provides additional insight in the process of
identifying regular eating times. Individuals who do not have compromised metabolic
systems exhibit a secondary peak in postprandial wrist temperature (Corbalán-Tutau et
al. 2011). Regular mealtimes are anticipated with a peak in wrist temperature. This peak
occurs even if the regular mealtime is skipped. Irregular mealtimes result in a smaller
postprandial peak (Sarabia et al. 2008). The ability to use wrist temperature to
corroborate the identification of regular eating times considerably strengthened my
confidence that I was able to accurately identify regular eating times untethered from
biases in regards to cultural assumptions about when eating times should occur.
The method I developed is also better able to identify regular eating patterns
among people with advanced or delayed rhythms, which would have been missed
through assessment by time stamp alone. This is because people with advanced or
delayed rhythms have behaviors that are advanced or delayed each day in uniform
increments. Therefore, their behaviors can follow a regular pattern, even though they do
not occur at the same time each day. For example, they might go to sleep and eat each
meal one hour later each day. In this case, the regular eating and sleeping patterns
would be missed by looking at time stamps alone. However, visual inspection of an
actogram would readily show the regularity present in their eating and sleep-wake
pattern.
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Actiwatch
Actiwatch devices were set to record in 30-second intervals at auto sensitivity, as
recommended by Tonetti et al. (2008). The accompanying software (Actiware 6)
included algorithms to identify sleep-wake states and determine the following sleep
parameters: sleep onset, sleep offset, sleep duration, and sleep efficiency. Additionally,
the light sensor on the device recorded ambient light data and the device’s included
software calculated and reported the following social zeitgeber: TALT.

iButton
iButtons were used to measure wrist temperature and ambient temperature.
They provide a validated, reliable measure to evaluate the wrist temperature circadian
rhythm (Hasselberg et al. 2013, Bonmati-Carrion et al. 2014). The following studies
have used wrist temperature data and ambient temperature data in conjunction with
sleep actigraphy to evaluate circadian rhythms: Diez et al. (2020), Partonen et al.
(2020). iButtons were set to record in 10-minute intervals with a sensitivity of 0.125 C
(Sarabia et al. 2008).

Study Diary
Diaries are a standard accompaniment to sleep actigraphy necessary to crosscheck bedtimes, waketimes, and periods of device removal with the system’s
algorithms. As such, I used the study diary to facilitate Actiwatch and iButton data
cleaning and scoring. Additionally, the study diary was used to capture self-reported
data for the following social zeitgeber: LEDs per night. Each morning participants were
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asked to fill out the study diary and to place a checkmark next to any and all LEDs they
used the night before. These responses were tallied to calculate LEDs per night.

Photo Food Journal
All photos taken by each participant were used as prompts during their photo
elicitation interview. The questions participants answered for each eating occasion in
the YouAte app were used as interview prompts and in individual- and group-level
comparisons. Additionally, I used time stamps from the photo food journal to calculate
the following social zeitgebers: eating regularity, eating midpoint, eating after 8pm, and
skipped breakfasts.

Identifying Proximate Social Factors
The semi-structured and photo elicitation interviews were used to bring meaning
to the quantitative data collected. While the Actiwatch, iButton, study diary, and photo
food journal provided snapshots of the free-living behavioral patterns of participants, the
interviews provided the opportunity to discuss the logistics and lived realities associated
with those behavioral patterns. These discussions delved into the motivations, hopes,
disappointments, and constraints that participants encountered as they navigated
through each day. In this manner, they provided the context necessary to identify and
better understand the proximate social factors that influenced chronodisruption among
these participants.
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Semi-Structured Interview
This interview (See Appendix E) queried eating and sleep habits, beliefs about
eating and sleep, sleeping arrangements, household makeup, weekly schedule,
commitments, responsibilities, hobbies, religious practice, and extracurricular activities
(LeCompte & Schensul 1999). In order to gain a sense of participants’ cultural
consonance in regards to eating and sleep, I juxtaposed questions that asked each
participant about their beliefs in regards to “people in general” as well as “for them
personally.” The purpose for this was threefold: 1. To compare participants’ beliefs
about themselves, 2. To compare participants’ cultural models of people in general, and
3. To compare each participant’s degree of fit with their own cultural model. This was
important for defining the terrain of how participants believed people in general should
eat and sleep, in comparison with what they actually do or see as appropriate for
themselves as individuals. This was necessary because these domains can vary widely
due to elements of personal choice, preference, limitations, and constraints.

Photo Elicitation Interview
This method was used to qualitatively reveal, contextualize, and better
understand proximate social factors that influence chronodisruption. During the first
week of the study, participants were instructed to take pictures of everything they ate.
During the second week, instead of taking pictures of food, participants were instructed
to take five pictures of ‘things that influenced their sleep.’ This prompt was purposefully
broad and vague in order to let participants interpret it using their own frames of
meaning.
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All of the photos generated during the two-week period were used as prompts in
the photo elicitation interviews. The YouAte app displayed these photos in chronological
order, grouped by day. Each photo had a time stamp next to them. Fasting times
between each eating occasion were also displayed between each photo. Additionally,
the YouAte app offered two different layouts to view the photo food journal timeline (See
Appendix C, Figures 29-30). The abridged version showed only the photos, time
stamps, and fasting times. The detailed version also shows the responses to the six
questions participants answered for each photo.
Prior to looking at the photo timeline, I asked participants if anything stood out to
them through doing the photo food journal. Then, together we scrolled through the
photo timeline. The photo elicitation interview was initially conducted in the abridged
view. If further details were necessary about a particular eating occasion, we clicked on
the photo to see the responses recorded for it. For each day, I asked participants what
was going on that day, how they were feeling, what they were doing, who they were
with, and what contributed to the times that they ate and the foods that they ate. I also
inquired about any long fasting times to ascertain their cause and whether or not the
participant was hungry during that time.
Once we got through the entire timeline, we then went back and started from the
beginning. The second time through the timeline we focused on skipped breakfasts. I
asked participants what they were doing that morning, if they were hungry or not, and
why they did not eat breakfast. Next, we went back through the timeline a third time,
and this time focused on eating after 8pm. In regards to eating after 8pm, I asked what
participants were doing at that time and whom they were with.
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Finally, we looked at the summary screen, which tallied up participants’
responses to each of the six questions and displayed them as pie charts (See Appendix
C, Figure 31). Together we discussed those results. This was mainly used as a prompt
to further discuss insights generated from the photos in the timeline, as well as any new
insights that arose from viewing the pie charts.
During the final meeting, we turned our attention to the five photos of participants’
sleep influences. For each photo, I asked them what it was a photo of and how it
influenced their sleep. After we finished discussing the photos of sleep influences, I
asked participants if I had permission to publish any of the food or sleep photos if they
were deemed relevant to illustrate the findings of this research, and, if so, I also asked if
there were any in particular that they did not want to be published.

Summary of Methodological Approach
The specific combination of mixed methods used in this study were carefully
selected to complement one another in a way that would answer the research questions
in a manner that went beyond cross-checking and triangulation of data. The methods
were chosen to genuinely and authentically integrate biological and culture theory and
methods within anthropology. Sleep actigraphy and wrist temperature measurement
leveraged the use of biomarkers, which are commonly employed in biocultural research
as correlates of sociocultural variables. They provided a way to root physiological
variables and experiences in demonstrable evidence. Photo food journals and photo
elicitation interviews, on the other hand, drew out narratives in regards to lived
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experiences that created space for phenomenological interpretation more characteristic
of cultural approaches to embodiment.
This bridging of biological and cultural theory and methods went beyond data
collection, into the analysis and interpretation of the data as well. Reflexive thematic
analysis of qualitative data combined with the emic-centered participatory visual
methods used in data collection served to democratize the research process from
beginning to end, as well as to balance the positivist lean of quantitative data collection
and analysis methods. Thus, this research authentically and simultaneously drew on
positivist, scientific quantitative approaches as well as interpretive, humanistic
qualitative approaches to ultimately achieve a complementary blending of the two. The
eclectic combination of these innovative methods and contrasting research paradigms
pushed each one of them further, and drew out more, than any one of them could have
gained on their own.

Analysis of the Data
Mixed methods research requires a balance between qualitative and quantitative
data gathering and interpretation. One of the goals of this research was to employ a
mixed methods approach to better understand the proximate social influences on
chronodisruption. Thus, it behooves us to pause and discuss the means by which the
data gathered on chronodisruption was parsed and analyzed. Additionally, the use of
new technologies (Actiwatch and iButton) requires an explanation of how data gathered
was organized into meaningful categories and interpreted. Each major tool utilized in
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research is discussed in terms of its application for this research and the approaches
used to analyze and synthesize the data they generated.

MEQ
I calculated scores for both the full MEQ and the reduced MEQ-r as described by
Horne & Östberg (1976) and Natale et al. (2006). I used these scores to classify
participants either as morning, evening, or intermediate chronotypes. In any instance
where participants’ MEQ and MEQ-r scores were incongruent, I designated them
according to their full MEQ score. Chronotype was then used to compare qualitative and
qualitative results among participants.

Actiwatch
Actiwatch data was downloaded in Actiware, examined visually, and crossreferenced with the study diary and wrist temperature data. First, I identified and
excluded periods of device removal. Then, I adjusted bedtimes and waketimes when
necessary. The Actiware software generated actograms (See Figure 5) and calculated
daily averages for sleep onset, sleep offset, sleep duration, sleep efficiency, and TALT. I
used activity counts and lumens to calculate interdaily stability (IS), intradaily variability
(IV), relative amplitude (RA), and the time (L5h) and value (L5v) for the least activity 5hour period according to the methods described by Ortiz-Tudela et al. (2016).
The actograms and the daily averages for the variables described above were
used in individual and group comparisons based on chronotype, chronodisruption, and
gender. They were also used to compare, contextualize, and cross-reference with
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interview and photo food journal data. Additionally, they were used to calculate DI and
CFI as described below.

Figure 5. An actogram.
The actogram shows activity in the black vertical lines, the yellow lines show ambient light
exposure. The blue event markers show where the participant indicated they went to bed or got
up. The blue shaded area indicates sleep, and the light blue indicates quiet wakefulness either
before or after sleep. The bar across the top indicates sunrise and sunset.
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iButton
Wrist temperature data were downloaded, examined visually, and crossreferenced with the study diary and Actiwatch data. Then, I identified and excluded
periods of device removal. Next, I used wrist temperature and ambient temperature data
to calculate IS, IV, RA, M5h, and M5v as described by (Ortiz-Tudela et al. 2016).
Finally, actograms were created that plotted wrist temperature, with event markers for
each eating occasion. Additional actograms were created that plotted ambient
temperature.
The wrist temperature plots, ambient temperature plots, and the daily averages
for the variables described above were used in individual and group comparisons based
on chronotype, chronodisruption, and gender. They were also used to compare,
contextualize, and cross-reference with interview and photo food journal data.
Additionally, they were used to calculate DI, CFI, and eating regularity as described
below.

Chronodisruption
I calculated DI and CFI scores for sleep-wake wrist temperature rhythms as
described by Ortiz-Tudela et al. (2016). DI was used to measure the alignment between
the two rhythms and thereby classify participants either as aligned or misaligned. For
participants with misaligned rhythms, the DI score was further used to quantify the
degree of misalignment. The CFI score was used to assess the robusticity of the sleepwake and wrist temperature rhythms.
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DI was used to compare qualitative and qualitative results among participants
based on whether or not they had aligned or misaligned rhythms, and for participants
with misaligned rhythms, based on the degree of circadian misalignment. CFI was used
in individual and group comparisons based on chronotype, chronodisruption, and
gender. CFI was also used to compare, contextualize, and cross-reference with
interview and photo food journal data.

Photo Food Journal
I used time stamps from the photo food journal to calculate the following social
zeitgebers: eating regularity, eating midpoint, eating after 8pm, and skipped breakfasts.
I operationally defined an eating occasion to include all foods consumed within fifteen
minutes of each other in the event multiple pictures were taken in close succession
(Leech et al. 2015). For example, one participant took three pictures to represent a
three-course meal, and another participant took three photos of three different
components of one meal (See Figure 6). Other examples include dessert eaten right
after a meal, a meal eaten in two parts, or multiple snacks eaten in one ‘sitting’ (See
Figure 7). Each of these instances was counted as one eating occasion beginning with
the time stamp of the first photo.
Eating regularity reflects the percentage of participants' diet that is regularly
timed. It was calculated as the total number of regularly timed eating occasions divided
by the total number of eating occasions. I identified regular eating times by first visually
inspecting actograms that plotted out wrist temperature with time stamps for each eating
occasion. I looked for the vertical alignment of time stamps and noted the times that

88

A. “Out on a date”

B. Dinner cooked at home

Figure 6. Examples where three photos were combined into one eating occasion.
The photos on the left represent items eaten one after another. The photos on the right were
eaten all at the same time. Notice the meal on the left was their first meal of the day (and it
occurred at 2:40pm). On the right, the participant ate at 10pm at night after about ten hours of
fasting. This is an example of the rich data generated from the photo food journal.
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A. Dinner followed by dessert

B. Snacking at work desk

C. Breakfast: Eggs and “PB-no-J”

D. Breakfast: Fruit then cereal

Figure 7. Examples where two photos were combined into one eating occasion.
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eating occasions occurred within one hour of each other on at least four out of seven
days. Those times were identified as regular eating times for that person.
This method of counting regular eating times was adapted from the Social
Rhythm Metric’s method of counting behavioral ‘hits’ (Monk et al. 1990). I additionally
examined the wrist temperature rhythm to corroborate my initial identification of regular
eating times. Peaks in wrist temperature on days when regular eating occasions were
missed strengthen confidence that regular eating times had been identified correctly.
Throughout this process, I labeled each eating occasion as either regular or irregular.
Finally, I calculated the number or regular and irregular eating occasions for each day
and averaged them to determine the average number of regular and irregular eating
occasions for each participant.
The remaining photo food journal variables were calculated in a similar manner.
Eating midpoint was calculated for each day and averaged across all days. To calculate
eating after 8pm, I tallied the number of nights with eating after 8pm and divided it by
the total nights for which there was data. To calculate skipped breakfasts, I tallied the
number of days without an eating occasion prior to 10am and divided it by the total
number of days for which there was data.

Study Diary
The study diary was used to facilitate the cleaning and scoring of sleep
actigraphy, iButton, and photo food journal data. I used it to cross-check sleep onset
and offset times, check for device removal, and to record any eating occasions that
were not photographed. It additionally assessed: caffeine and alcohol consumption,
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physical activity, and sleep disturbances, what woke participants up each morning, and
LEDs per night. I tallied, averaged, and then compared these responses between
participants with and without chronodisruption. I also cross-referenced study diary data
with photo food journal and interview data for individual- and group-level comparisons.

Semi-Structured and Photo Elicitation Interviews
Overall, my approach to qualitative data analysis most closely followed Braun &
Clarke’s (2006) six-step reflexive thematic approach. I also drew on interpretive
phenomenological analysis (Larkin et al. 2006, Smith et al. 2009), because at the heart
of my research questions was a tacit concern with the lived experiences, emotions, and
sense-making of participants in terms of how they perceived and felt about the
influences surrounding the spatiotemporal patterning and rhythmic performance of their
daily lives. The elucidation of these domains is what was needed to uncover and
delineate the proximate social factors that influenced the embodiment of circadian
rhythms, social zeitgebers, and ultimately chronodisruption itself.
In addition, since my research questions also sought to uncover and
contextualize proximate social influences on the timing and patterning of eating and
sleeping, and ambient light and temperature exposure patterns, I realized I needed to
cast slightly a wider net, and to do so by combining deductive and inductive approaches
to data analysis (LeCompte & Schensul). Thus, in addition to reflexive and interpretive
approaches to qualitative analysis, the interviews and photos were also investigated in
terms of what is scientifically known (and unknown) about circadian rhythms,
chronodisruption, social zeitgebers, and processes of entrainment.
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All interviews were transcribed into Word within 24 hours. Transcribed interviews
were uploaded as primary documents into Atlas.ti 6.2, along with all participantgenerated photos. I began with a list of codes based on my literature review and added
to this list as new codes emerged. For example, references to social zeitgebers were
coded with the name of that social zeitgeber. Two examples of new codes that I
identified only after seeing their recurrence in the narratives of multiple participants were
“winding down” and “hydration.”
As I combed through the data in an iterative process, I organized codes into
groups. Meanwhile, I recorded impressions, observations, analysis, and interpretations
as comments and memos. Additionally, I created document groups to facilitate
comparison by gender, chronotype, and the presence or absence of chronodisruption. I
then queried the data to compare narratives and the frequency of codes by gender,
chronotype, and the presence or absence of chronodisruption. In this manner, I was
able to further extract themes and findings relevant to the study questions. The strength
of this method was the combined inductive and deductive approach, and each informed
the other throughout the entire process (Contreras 2014, 2016).

Social Zeitgebers
Exploratory data analysis techniques were used to derive clues that might
provide insight into possible interrelationships between circadian alignment, chronotype,
and the social zeitgebers explored by this study. To examine the relationship between
chronotype, sex, and the social zeitgebers a range of univariate and multivariate
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approaches were employed. The effect of individual zeitgebers was examined by
Multivariate and univariate Analysis of Variance of the model:
Response = Chronotype + Sex + Chronotype*Sex
Multivariate Analysis of Variance was first carried out to determine if there was a
characteristic suite of zeitgebers that responded to Chronotype and Sex. Pillai's Trace
was used as the test statistic (Field 2009). I followed up the multivariate test with
univariate analyses of the two way model for each zeitgeber. Analytical assumptions
were checked graphically, and Type II Sums of squares used to evaluate main and
interaction effects.
There were some correlations and monotonic (near-linear) relationships between
social zeitgebers, so this was graphically explored further using Principal Components
Analysis (PCA). Variables were standardized prior to analysis to remove effects of
different unit size (Quinn & Keough 2003). The reduced space plot was examined to
identify any groups in the data, and the eigenvector plots displayed the contribution of
each social zeitgeber to the pattern. Correlation coefficients provided additional
interpretation. Box plots were created to graphically present any statistically significant
results. Finally, exemplary quotations were identified from interviews to illustrate the
observed associations.

Proximate Social Factors
In order to identify the proximate social factors that influenced chronodisruption
among this study’s participants, I followed a method of triangulation and convergence
(Creswell & Clark 2017) combined with constant comparison (Glaser & Strauss 2017).
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This allowed me to integrate and simultaneously analyze and reflect upon the qualitative
and quantitative data generated throughout the course of this study. First, I created
portfolios for each participant to reference throughout this process. These portfolios
included each participant’s study diary, interview transcript, actograms, wrist
temperature plots, ambient temperature plots, and photo food journal.
Then, I created a massive spreadsheet that sorted the quantitative and
qualitative variables produced throughout this study including variables calculated from
my analysis of the Actiwatch and iButton data (IS, IV, RA, CFI, L5h, L5v, M5h, M5v,
onset, offset, and midpoint for both sleep, wrist temperature, ambient temperature, and
ambient light). I also included averaged totals for items in the study diary (alcohol
consumption, caffeine consumption, sleep disturbances, what woke them in the
morning, LEDs per night), and averaged totals for items in the photo food journal
(average day and night fasting times, skipped breakfasts, eating after 8pm, who they
ate with, where they ate, how the food was prepared, how they felt). From the sleep
influences photo prompt, I included the title and code assigned to each photo. I used
participant generated titles for the photos. For example, during the photo elicitation
interview they would inevitably say, this is a picture of my window, my computer, my
textbook, etc. Finally, I also included the responses to each interview question.
The massive spreadsheet was essentially a giant codebook that greatly
facilitated and streamlined the process of qualitative and quantitative data triangulation
and convergence. I made two copies of this spreadsheet: one was sorted by
chronotype, and one was sorted by chronodisruption. For all quantitative data, the
means and standard deviations were calculated for each comparison group (morning,
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intermediate, and evening on one spreadsheet; aligned and misaligned on the other). I
also highlighted the cells using a different color for each comparison group to in order to
facilitate visual inspection of the data.
This spreadsheet was a useful adjunct to my technique of constant comparison.
Firstly, I used it to examine how the quantitative and qualitative entries on the
spreadsheet varied between comparison groups. Secondly, I used it to consider the
overall spread and distribution of the responses and values, and their spread and
distribution within each comparison group. Thirdly, I used it to ascertain how the
responses and values for each individual compared with the rest of the group.
Additionally, for all of the quantitative data, I was also able to take into account group
means throughout this process of visual data inspection and comparison (Wasserstein
& Lazar 2016).
Each step of the way, as I interrogated the data in these spreadsheets, I noted
my findings and inferences along the way as memos. The spreadsheets were also
useful throughout the process of interview analysis and coding. Whenever something
interesting came up in the interviews, I was able to turn to the spreadsheets to draw on
any relevant responses or values to the phenomenon of interest, and to re-examine
variation between individuals and groups related to that phenomenon. Within the
spreadsheets I looked for data that could add to, supplement, or illustrate what was
being discussed in the interviews. I also looked for outliers, and instances where the
values or responses were out of the ordinary in regards to the rest of the participants, or
opposite from what was expected in regards to what had previously been demonstrated
in the literature.
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In addition, the participant portfolios were an indispensible part of my process of
triangulation, convergence, and constant comparison. As I combed and re-combed
through the interviews, each time drawing out new themes, I compared the themes that
I was extracting and building with the Actograms, study diaries, interview transcripts,
photo food journal, wrist temperature plots, and ambient temperature plots in the
participant portfolios. I also compared the portfolios with the spreadsheets. Together,
the portfolios and spreadsheets made it very easy and quick for me to reference and
find relevant points of comparison during the process of sorting through codes,
constructing themes, and evaluating the assemblages of codes and themes during the
iterative process of their creation.
Throughout this process of triangulation, convergence, and constant comparison,
I also queried the data in Atlas.ti and considered the results from my exploratory data
analysis. In addition to trends observed among groups, it was readily apparent that
different proximate factors were at play for different participants. In those cases, I
referred to the participants’ portfolios to better understand the unique contextual factors
relevant to each participant. In this manner, I was able to generate inferences to be
further explored through my technique of constant comparison and iterative reflection.
I also visually examined Actiwatch and iButton data for specific days and times
that contributed to chronodisruption. I then compared them with participants’ photo food
journal and interview data, making note of any relevant findings and explanatory
relationships. Throughout this process I sought to determine which proximate social
factors were most salient, and when/why some may have been privileged over others.
Finally, I created tables and figures to visually present all relevant findings.
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Reflection on Methods of Analysis
The use of the methods described in the previous section, and these means of
analysis, produced a variety of meaningful data that both proves the value of the
methods used and provides insight into the social context of chronodisruption. Those
findings must first be unpacked as results, and then processed as discussion in the
sections which follow.
What I discovered through analysis was that this combination of methods
resulted in powerful triangulation of data. For example, I found wrist temperature to be
an excellent complement to sleep actigraphy. It provided a way to double-check
bedtimes, waketimes, naps, and device removal. Data from each method brought
insight into the findings from the other methods, so that together they told me much
more than any one of them could have on their own. This went beyond the level of
cross-checking, to create a deeper understanding of the phenomenon of
chronodisruption. Thus, the data gathered, through rigorous analysis, provided a
plethora of valid data points, which buttressed each other and allowed for the drawing of
confident conclusions regarding chronodisruption.
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CHAPTER 4

RESULTS

Chronodisruption is associated with adverse effects on physical and mental
health, most troubling of which are increased risk of cancer, cardiometabolic disease,
and depression. Because circadian systems are sensitive to social inputs, the
associations between circadian alignment and health create a bridge to explore how
social conditions become biological realities. It presents a unique opportunity to better
understand the nexus between the individual and culture, between culture and biology,
and between social conditions and health, and the following results allow us to do this in
critical ways. After some initial discussion of distribution and groupings, this chapter
walks through the proximate social and physical factors, and the social interactions,
which cause chronodisruption. By organizing results by disrupting factors, we can better
visualize the ties between biological and cultural experiences for the participants
studied.

Distribution of Chronotypes
Recruiting morning and evening types for this study was far more challenging
than anticipated. Out of one hundred and sixty-three study volunteers, only nineteen
were morning types and forty-three evening types. Out of these people, only four were
definite morning types and ten were definite evening types (See Figure 8). Further, the
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majority of people who responded to the email invitations were women, which made it
harder to keep the study groups balanced in terms of men and women. Additionally,
when it came time to schedule participants to begin the study, some of the morning and
evening types were unavailable.

Figure 8. Study volunteers grouped by chronotype.

To complicate study recruitment even further, I discovered that some participants
had incongruent MEQr and MEQ results as well. This was identified during the first
meetings when they were given the full MEQ to double-check their study group
assignment. Initially, I implemented Adan & Almirall’s (1991) scoring rubric, which
groups into five categories (definite morning, moderate morning, intermediate, moderate
evening, definite evening), as the full MEQ does. This resulted in forty respondents
being scored incorrectly. Next, I checked the Swedish criteria (Danielsson et al. 2019),
which is close to Adan & Almirall’s method, however it only groups into three categories
(morning, intermediate, evening). This method was slightly better, with only thirty-four
scored incorrectly. Finally, I checked the Italian criteria (Natale et al. 2006), which also
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uses three categories, however it casts a slightly wider net for the intermediate
grouping. This method was best, as it only incorrectly assigned twenty-eight.
In light of these circumstances, I decided to open up the study to include
intermediate types as a third comparison group. Given that intermediate types make up
the majority of the population, I reasoned their inclusion would give my results greater
applicability. The trend of other studies to exclude intermediate types in favor of
focusing on outliers of the population indeed might represent an unfortunate oversight
that makes their findings less relevant to the general public.

Study Participants and Comparison Groups
Out of the nineteen participants who enrolled in the study, one dropped out for
unknown reasons, one was removed for non-compliance, and four had partial data loss.
In the end, seventeen participants were included for qualitative analysis of interview
data and comparisons by chronotype (See Table 7a). A smaller subset of fifteen
participants was included in comparisons based on chronodisruption (i.e., whether they
had aligned or misaligned rhythms) (See Table 7b). The assessment of
chronodisruption was determined by measuring the degree of alignment between
sleep/wake and wrist temperature rhythms. Misaligned rhythms indicated
chronodisruption, whereas aligned rhythms did not.
The subset of participants included in comparisons based on chronodisruption
was smaller as a result of partial data loss among two of the participants. For one, the
iButton that measured wrist temperature was lost and never recovered. For the other,
the Actiwatch malfunctioned and did not record. Since chronodisruption in this study
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was operationalized as the alignment or misalignment of wrist temperature and sleepwake rhythms, at least one week of recording for each would be necessary to make that
determination.
Table 7. Study participants and comparison groups.

Gender
Men
Women
Total

Morning
2
3
5

Chronotype
Intermediate
2
3
5

Evening
4
3
7

a. Participants included in qualitative data analysis (n=17).

Factor
Gender
Men
Women
Circadian Status
Aligned
Misaligned
Degree of Alignment
Aligned
Misaligned 1 hr
Misaligned 2 hrs
Misaligned 3 hrs
Total

Morning

Chronotype
Intermediate

Evening

2
3

2
2

3
3

2
3

1
3

2
4

2
2
1
5

1
3
4

2
3
1
6

b. Participants with aligned and misaligned rhythms (n=15).
These participants were compared in terms of gender, circadian status, degree of alignment,
and chronotype to uncover and better understand proximate sociocultural influences on
chronodisruption, and the everyday experiences those influences are embedded within.

Out of the fifteen participants assessed for chronodisruption, five had aligned
circadian rhythms and ten had misaligned circadian rhythms. Among these, there were
five morning types, six evening types, and five intermediate types. See Table 7 for the
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distribution of aligned and misaligned participants across the comparison groups used
for analysis (gender, chronotype, circadian status, and degree of alignment).
There were no statistically significant effects in the multivariate analysis of
variance. However, a range of responses that were identified among some of the
individual variables will be described throughout the body of this chapter (See Table 8).
In the end, aligned and misaligned participants generally shared the same proximate
social factors overall. After careful analysis of qualitative and quantitative data, I
determined that rather than the proximate social factors themselves, chronodisruption
was instead linked to how participants responded to and accommodated those factors
within their daily lives.

Research Question #1:
Proximate Physical and Social Factors Influencing Chronodisruption
Since chronodisruption is the result of a misalignment between wrist temperature
and sleep-wake rhythms, it was important to understand how these rhythms varied
between participants with and without chronodisruption. Next, in order to understand
social influences on circadian rhythms, it was first necessary to tease out the role of
ambient temperature and light. Further, literature in evolutionary medicine put forward
the hypothesis that chronodisruption was the result of a combination of increased time
indoors (resulting in exposure to narrower temperature and light ranges during the day),
increased Light-At-Night (LAN), and increased nighttime use of Light Emitting Devices
(LEDs), all of which are uncharacteristic of our evolutionary past. Therefore, it was also
imperative to see if that indeed was the case for the participants in this study.
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Table 8. Results from exploratory data analysis.

It is important to note that, although ambient temperature and light are included
here as physical factors, they inevitably have a social component. Humans self-select
the temperature and light ambiances they are exposed through their choices, their
behaviors, and their comings and goings. Preferences, obligations, habits, and
interactions with others structure the behaviors and choices that influence ambient
temperature and light exposure. For example, every time someone turns a light on or
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off, sets their thermostat, leaves their home, goes outdoors, gets in a car or bus, walks
into a building, uses a LED at night, or draws blackout curtains across their bedroom
window, these behaviors influence ambient light and temperature exposure. Therefore,
it was important to understand the impact of ambient temperature and light on
chronodisruption to discern the importance of the social factors that influence them.

Physical Factors Which Influence Chronodisruption
In terms of physical factors, the biggest differences between participants with and
without chronodisruption were found in wrist temperature rhythm and LED use. Sleepwake rhythms and ambient light and temperature profiles varied widely across
participants, and did not show any obvious associations with chronodisruption. They
were, however, useful for individual-level analyses that explored the role of proximate
social factors as they related to chronodisruption.

Wrist Temperature, Sleep-Wake Rhythms
Among the participants in this study, the wrist temperature rhythm was a better
indicator of chronodisruption than the sleep-wake rhythm. There was a statistically
significant effect of circadian alignment on wrist temperature range (f = 8.541,13, p <
0.012) (See Figure 9). Misaligned participants had a flattened wrist temperature rhythm,
whereas aligned participants had higher rhythm amplitude. Additionally, the wrist
temperature rhythm of misaligned participants had greater fragmentation than that of
aligned participants. This was evidenced by a statistically significant effect of circadian
alignment on wrist temperature IV (f = 7.391,13, p < 0.026). Indeed, participants with the
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highest levels of misalignment displayed the greatest fragmentation in wrist temperature
rhythm.

Figure 9. Daily range in wrist temperature.
Aligned participants had a greater range in wrist temperature compared with misaligned
participants. Maximum values for wrist temperature were similar across aligned and misaligned
participants. Minimum values for wrist temperature dipped lower during the day among aligned
participants, thus resulting in a greater daily range in wrist temperature.

Unlike wrist temperature rhythms, sleep-wake rhythms were not useful in
differentiating between participants with and without chronodisruption. Rhythm timing,
amplitude, stability, and fragmentation, as well as the sleep characteristics, were highly
variable and did not discriminate between participants with and without
chronodisruption. Although these sleep-related variables were poor indicators of
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chronodisruption among these participants, they were useful in understanding
individual-level differences and trends in relation to the effects that proximate social
factors had on sleep.

Ambient Temperature, Light
The ambient temperature and light ranges that participants were exposed to did
not show any significant associations with chronodisruption among this study’s
participants. Daily fluctuations in ambient temperature varied widely across participants,
showing no association with chronodisruption. Ambient temperatures ranged as much
as 15°F for some, and as little as 3°F for others. The average daily ambient temperature
range across all participants was 80°F to 73°F. Broader temperature ranges were the
result of spending time outdoors and/or lowering the thermostat at night. The participant
with the widest ambient temperature range did both.
Patterns of light exposure likewise did not show any statistically significant
differences between participants with and without chronodisruption. However, the topic
of light did figure heavily in interviews as a factor that influenced whether participants
got a good night’s sleep or not. Light was also the third top picture in the sleep
influences photo prompt (See Table 9). Participants described needing darkness to
sleep and that their sleep was often disrupted by their housemates turning on lights, or
by it coming through their bedroom window.

LEDs
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Misaligned participants showed a higher preoccupation with nighttime LED use
compared to aligned participants. Aligned participants described screen light as “bad for
you” and “terrible for disrupting our sleep function.” They also talked about the
importance of “avoiding distractions” before bed. By contrast, misaligned participants
said they need LEDs to “wind down” at the end of the day. Additionally, participants with
mild chronodisruption acknowledged that, even though they used LEDs to help them fall
asleep, LEDs also had a tendency to cause them to stay up later. Conversely,
participants with the highest levels of chronodisruption only talked about LED use in a
positive light.

Table 9. Results from the sleep influences photo prompt.
Sleep Influences
LEDs
People
Light
Food
Sleep Helpers
Studies
Temperature
Fan
Water
Pets
Stress
Exercise
Noise
Showering
Alcohol
Coffee

Count
18
11
8
6
5
5
4
3
3
3
3
2
2
1
1
1
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Aligned participants spent less time scrolling on their phones before bed, some
not scrolling at all. They also talked about minimizing or limiting their LED use in the
evening. For example, this aligned morning type man explained that:
People who have bad sleep sit in bed on the phone for hours. I don’t go to bed
until I am ready to sleep. I never had a TV in my room growing up. I never had a
problem going to sleep or staying up late when all my friends did. I put my phone
on ‘do not disturb’ and don’t look at it.
Among aligned participants there was also a general consensus and belief that cell
phone light was the worst form of screen light. As a result, they talked about trying to
minimize its effects by dimming their screen at night. For example, the aligned
intermediate type woman said it was important to turn off devices that project screen
light before bed in order to “give your eyes some time to cool down.” Some participants
accomplished this by listening to podcasts, music, and guided meditations before bed.
Misaligned participants spent more time scrolling on their phones in the evening,
before bed, and first thing in the morning. They were more compulsive about checking
their phones first thing in the morning, and many even woke up and checked their
phones in the middle of the night. Additionally, they described being “ramped up” in the
evenings, easily “over stimulated,” and using LEDs to “wind down” before bed. The
following are two examples from two different misaligned participants who used the
phrase “wind down” to describe why they used LEDs before bed:
I watch TV to wind down and relax. It’s hard for me to sleep if I'm not tired.
I use my laptop in bed… I don’t watch TV, but I do watch videos on my laptop to
wind down before bed. Mostly YouTube.
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Almost all misaligned participants used the phrase “wind down” to describe why they
used LEDs after sundown. None of the aligned participants talked about using LEDs for
that purpose.
Unlike the aligned participants, the misaligned participants did not express
concern about exposure to screen light. Most participants with mild chronodisruption
did, however, talk about the apparent contradiction in their behavior in regards to their
nighttime LED use. They observed that, although they used LEDs to help them fall
asleep at night, LEDs also caused them to stay up later. For example, one misaligned
participant said, “I watch TV to wind down and relax. It’s hard for me to sleep if I'm not
tired.” Then later they said, “Using my phone will keep me awake and I will spend more
time than I should, then it will make me go to bed later.” Another misaligned participant
talked about needing to be careful about what movie or program they watched in the
evening because, if they watched something too stimulating, it could cause it to “take
hours” for them to fall asleep:
Watching TV occupies most of my evenings. 99% of the time I come home and
turn the TV on. Even if I'm tired I will watch it. It feels like that's how I wind down.
Sometimes I find something interesting and force myself to stay awake, or I'll
watch something stimulating that keeps me awake.
Other misaligned participants talked about “binge watching” being a problem as well. In
contrast, participants with the highest levels of chronodisruption only talked about
nighttime LED use in a positive light and did not problematize their behavior. Thus,
participants with chronodisruption were more compulsive LED users at bedtime, and
participants with the highest levels of chronodisruption seemed to be less aware of the
possible ramifications of this behavior.
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Food and Its Influence on Chronodisruption
Diet can be conceived of as simultaneously a proximate physical and social
factor. The timing of eating is known to have a strong influence on the wrist temperature
rhythm, and therefore was an important site of inquiry in order to better understand the
proximate social factors influencing chronodisruption. Of all the diet-related variables
explored within this study, eating regularity showed the greatest difference between
aligned and misaligned participants. Patterns of snacking and fasting also were
important for understanding differences between participants with and without
chronodisruption. Eating after 8pm, skipped breakfasts, and eating midpoint clustered
together as interrelated variables, however they did not vary between aligned and
misaligned participants. Finally, interview data indicated a potential link between
hydration (i.e., whether or not the body is adequately hydrated) and aligned rhythms.

Eating Regularity
Regular eating times were associated with aligned rhythms, whereas irregular
eating times were associated with misaligned rhythms. There was a statistically
significant effect of circadian alignment on eating regularity (f = 26.11,13, p < 0.0002)
(See Figure 10). Aligned participants ate more regularly (M=0.61, SD=0.14) than
misaligned participants (M=0.20, SD=0.15). Aligned participants averaged only one
irregular eating occasion per day, whereas misaligned participants averaged two or
three. Participants with the highest levels of chronodisruption, as well as morning types
with moderate levels of chronodisruption, had the most irregular eating patterns. These
participants averaged three irregular meals a day. Differences in eating regularity were
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reflected in how eating was structured, the language used to talk about eating patterns,
and the reasoning used to discuss when one ‘should’ eat.

Figure 10. Circadian alignment and eating regularity.
Aligned rhythms were associated with greater eating regularity, whereas misaligned rhythms
were associated with less eating regularity.

Aligned participants improvised strategies to maintain consistent eating patterns
in spite of the demands of daily life. On the other hand, misaligned participants talked
about contingencies in relation to daily life in the sense that events of the day predicated
when they ate. These differences were even evident in the language used to talk about
eating patterns. Aligned participants talked about when they “usually” ate. They
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described regular times for eating and how it fit in with the rest of their day. Misaligned
participants talked about eating “whenever” this or that happened. They described
eating whenever they were hungry or had time; whenever they were not busy or running
late; and whenever people came around, cooked, or brought food by.
Additionally, aligned and misaligned participants held different beliefs in regards
to when one should eat their biggest meal of the day. Aligned participants reasoned
about what was best for people in general, whereas misaligned participants reasoned
about what was best for them as individuals. Aligned participants based their thinking on
what was necessary for optimum functioning of the body and meeting energetic needs
for the day, whereas misaligned participants reasoned that the biggest meal should be
when they were the most hungry.

Snacking, Fasting
The photo food journal produced critical self-reflexive insights that differed
between aligned and misaligned participants. Aligned participants noticed they went
long periods without eating, whereas misaligned participants talked about “erratic”
eating patterns, snacking, and eating after 8pm. These insights matched the photo
record produced from the photo food journals.
There was a statistically significant effect of gender on the number of eating
occasions per day (f = 7.22,14, p < 0.007). Women ate more frequently than men (3.700
± 0.227 cf 2.740 ± 0.0177), due to their snacking more than men did (See Figure 11).
Aligned women snacked at regular intervals, whereas misaligned women snacked at
irregular intervals. The participant with the highest level of chronodisruption was the
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Figure 11. Frequency of eating occasions per day by gender.

only participant in the study who ate more snacks per day than meals. Snacking
generally took place in the midst of other activities. Participants snacked at their work
desk, while working on homework, and while ‘hanging out’ with others. All participants
who stayed up past midnight ate after sundown, and the majority of them ate after 10pm
as well. Participants also snacked as meal replacements (See Figure 12).
Although both aligned and misaligned participants went long periods without
eating (i.e., fasting), the defining characteristic that separated the two was whether
those periods tended to be regular or variable. Aligned participants had regular patterns
of fasting punctuated by eating at regular times, whereas misaligned participants had
irregular periods of fasting and ate at less predictable times. The irregular eating
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Figure 12. Misaligned intermediate woman’s standard meal replacement snack.
“My meal replacement ‘thing’: Boost & almonds.”

patterns of misaligned participants were often the result of skipping or missing meals
because, as they described it, they were either “too busy” or “not hungry.”
Another difference between the fasting periods of aligned and misaligned
participants was the language used to describe them. Aligned participants described not
“thinking to eat”, whereas misaligned participants talked about not “being hungry.”
Aligned participants did not need to think about eating, because it was built into their
schedule as a habitual practice, whereas misaligned participants relied on hunger as a
cue to eat and universally talked about hunger as one of the major factors driving their
eating times.
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Eating After 8pm, Breakfast Skipping
Participants who ate after 8pm, were more likely to not be hungry in the morning,
to wake up with little time to get ready, and therefore were more likely to skip breakfast.
Eating after 8pm and skipping breakfast showed a moderate positive correlation r(13) =
.64, p < .05. Participants who ate after 8pm described not being hungry in the morning.
Eating after 8pm was typically associated with studying, watching TV or movies, or
hanging out with friends. Participants who stayed up late at night (past midnight),
tended to eat late at night (past 10pm), skip breakfast, and wake up with just barely
enough time to rush out the door in the morning. The number one reason for skipping
breakfast was not being hungry, and the number two reason was not having time. This
illustrates the interrelatedness of these factors and why they clustered together.

Hydration
Aligned participants talked about the importance of being adequately “hydrated.”
They expressed the need to “hydrate during the day” in order to have quality sleep (See
Figure 13). An aligned definite morning type man said, “If I'm hydrated, my body will be
functioning properly and it will influence sleep.” Similarly, an aligned evening type man
said, “Being dehydrated [causes a poor night’s sleep] – you wake up dying for water.
That’s why it’s important to hydrate during the day.” Conversely, misaligned participants
did not spontaneously express that they valued making sure the body was adequately
hydrated. In fact, one misaligned evening type woman said that she always gets water
for her nightstand because she wakes up thirsty. Additionally, the participant with the
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second-highest level of chronodisruption talked about avoiding drinking water before
bed so that they would not wake up in the middle of the night to go to the bathroom.

A. Aligned definite morning type man

B. Aligned intermediate type woman

Figure 13. The importance of hydration for good sleep.
Aligned participants connected drinking water during the day with better sleep at night.

Social Factors Which Influence Chronodisruption
This section outlines the proximate social factors influencing chronodisruption
that were uncovered through the course of this research. I organized them into six
categories that span from individual to structural. I further divided these factors into
intrapersonal and interpersonal domains in order to better explore the dynamic interplay
between these two levels of analysis (See Figure 14). It is important to note that these
factors and domains are not mutually exclusive of one another. They are inextricably
intertwined in dialectical relationships that reimagine and recreate one another on a
daily and moment-to-moment basis. Understanding these juxtapositions and
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negotiations was central to this research. The categories outlined herein served to
facilitate comparisons that explore and elucidate those processes in order to build a
holistic understanding of chronodisruption.

Figure 14. Proximate social factors influencing chronodisruption.
The arrows represent bidirectional influences between each of the factors represented in this
model. There is a bidirectional relationship between the Intra and Inter personal factors, as well
as within the intra and inter personal factors. Thus, each are collectively constituted amongst
each other.

Intrapersonal Factors
Intrapersonal factors which affect chronodisruption are internal factors that
influence a person’s thoughts and behaviors. They represent the embodiment of culture,
and yet, at the same time, demonstrate the influence individuals can have on culture
itself through their interactions with others. This research showed that emotions and
cognitive appraisals had powerful influences on eating and sleeping patterns. Data also
showed that beliefs and values were very important influences for how participants
structured their eating and sleeping patterns. They gave participants’ habits and
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routines meaning and reason. Habits, routines, dispositions, and other forms of bodily
practice can be thought of as the capstone of these intrapersonal factors. To
understand how these represented the outward manifestation of culture and the
embodiment of circadian rhythms, it is necessary to discuss these intrapersonal factors
in more detail.

Emotions, Cognitive Appraisals
Emotions and cognitive appraisals had powerful influences on the timing of sleep
and eating, and thus chronodisruption. They provided the grounding from which
decisions about how to allocate one’s time were made. The quiet moments at the end of
the day, before it was time to sleep, represented a precious commodity. Some
participants spent their evenings and nights consumed with anxiety. Other participants
filled this time with pursuits of pleasure, meaning, or self-fulfillment. In reality, most
evenings reflected some sort of combination of, or trade-off between, each of these
scenarios.
Emotions and cognitive appraisals determined how evening time was allocated,
and what activities a participant engaged in. In this manner, they structured the timing
and quality of sleep and dietary patterns. They also had a tendency to carry over and
set the tone for the following day.
For many participants in this study, the nighttime was a nightmarish place
overtaken by stress and anxiety. It was a time when all of the thoughts and emotions
that simmered in the background during the day came out of the silence and shadows
to terrorize the mind. To-do lists, things undone, uncertainties about the future, and
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dissatisfactions with how the day went all had a tendency to replay in participants’
minds. They could become deafening in the nighttime, devoid of the distractions and
goings-on of the day. Afflicted participants spent this time mentally rehearsing future
scenarios, replaying the past, imagining what they could have done differently, and
developing plans and strategies to implement in the future.
Some participants sought to escape disturbing or troublesome thoughts by
plunging into work or studies, scrolling through social media, binge watching movies or
TV series, and indulging in sweet, salty, and crunchy foods. Some of these behaviors,
such as scrolling on social media or answering work emails, could trigger even more
stress and anxiety. In this manner, they could keep participants up quite late into the
night. For example, this misaligned evening type woman explained:
[Scrolling] negatively impacts my sleep, it's stimulating. Scrolling through my
phone, answering emails, triggers thinking about what I have to do the next day.
If it's a show I'm interested in it's a problem because I may binge. Social media is
easier to disengage from. I want to take it out of my routine but my laptop’s in my
bedroom. Work needs to be done and I will try to be productive. It spills over into
my sleep because it's still in my head and makes my sleep restless. Even my dog
will tell me to go to bed and turn everything off.
Besides keeping participants up late, anxiety and stress that weighed heavy on the
mind before bed could lead to disturbed and non-restorative sleep plagued by thoughts,
tossing, and turning. This misaligned morning type woman explained how anxiety could
impact her sleep:
I will toss and turn if I’m worried about an exam or something I have to do the
next day. Sleep quality is not as good because I’m going over it in my head and
studying in my sleep.
Stress and anxiety in the evening often caused participants to sleep in or wake up not
feeling rested. This intermediate woman explained how anxiety impacted her this way:
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I have a lot of things going on, a lot of moving parts. The to-do list never ends. It
may make me toss and turn or not sleep as deep. I may wake up still tired with
the haze from restless sleep.
Events of the evening also had a way of carrying into the morning. Not only did they set
the course and tone for the morning, they set the course and tone for the entire day,
and likewise could carry into each following day.
In contrast to those who spent evenings trying to escape the demons in their
minds, other participants spent this time enjoying quiet moments to themselves. These
participants filled their evenings in pursuits of meaning and pleasure. This was highly
valued time for participants who did not get those opportunities during the day. Whether
it was their full-time job or caretaking responsibilities, many participants felt like they
spent the entire day doing things for other people. At the end of the day, they relished
sacred moments to devote to themselves in what they described as “me time.” They
indulged in activities such as cooking and eating their favorite foods, hanging out with
family or friends, playing video games, reading books, watching TV or movies,
streaming videos, and scrolling through social media.
Those who sought to use their evenings to be productive answered work emails,
studied, got a jump-start on tomorrow’s to-do list, or worked towards their future goals.
The participants who were focused on future goals spent most nights of the week doing
so, and talked about spending as much time as they could muster on it each evening as
well. The goals they were reaching towards were school-related such as working on
publications, editing their thesis, raising their GPA, or studying for the GMAT/GRE. All of
them had misaligned rhythms.
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Trade-offs existed between the amount of time available for activities in the
evening, the amount of sleep one was able to get, and the amount of time one had to
get ready the following morning. The participants described above sacrificed both their
sleep and their mornings for the time they spent worrying, enjoying the night, or being
productive. They routinely woke up with just barely enough time to get out the door.
Some participants stayed up so late that their sleep was cut very short. Many of the
participants who sacrificed mornings, sacrificed breakfast as well. They woke up without
enough time to prepare it or eat it before they ran off to work or school. These
participants all had misaligned rhythms, and they often tended to be evening types as
well.
Participants with aligned rhythms described how they valued and protected their
sleep and/or their mornings. For some of these participants, sleep was a sacred space
not to be sacrificed for anything. Even if they were evening types, who relished staying
up as late as they could, they made sure to go to bed early enough to get what they
considered to be a full night’s sleep. For other participants, morning was their sacred
space. Some of them used this time to exercise as soon as they woke up. One
participant described waking up early in order to get into the office before everyone else
arrived so that they could enjoy the peace and quiet. Another participant sit outside with
a cup of coffee and their partner each morning. They said that 10-20 minutes was their
favorite part of the entire day.
In addition to sleep, emotions and cognitive appraisals had large impacts on
eating patterns as well. Many participants in this study described stress eating. For
example, one aligned morning type woman remarked, “Stress is big: I eat badly when
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I’m stressed.” Stress eating typically took the form of sweet, salty, and crunchy foods
eaten at irregular times, and often after 8pm.
Other participants held strong motivations for healthy eating. They talked about
how eating the right foods made them feel good, and how eating the wrong foods made
them feel tired, sluggish, or guilt-laden. Participants with a desire for ‘healthy’ food
tended to keep most of their eating in the daytime hours and at regular intervals. This
was associated with aligned rhythms. Overall, emotions and cognitive appraisals had
great relevance to the sleep and eating habits of this study’s participants.

Beliefs, Values
There was a stark contrast in the beliefs and values of participants with and
without chronodisruption. It is important to mention that these values did not always
match up with behavior in practice. Instead, they stood as signposts reflecting ideals for
behavior to strive to. Aligned participants highly valued healthy behaviors, such as
healthy eating, getting enough sleep, and staying hydrated. Aligned participants also
expressed awareness that LEDs were not good before bed and had conflicted feelings
about using them before bed. Misaligned participants, on the other hand, valued what
was best for them as individuals and described how it varied moment-to-moment based
on the circumstances. Misaligned participants talked about feelings, desires, cravings,
and the people around them influencing when they ate and slept. As such, they had
more variable eating and sleeping patterns.
One of the best ways to illustrate the differences in beliefs and values between
participants with and without chronodisruption is to look at when they thought a person
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should have the biggest meal of their day (See Table 10). Aligned participants
positioned their biggest meal in terms of the rest of their day. They also leaned on their
beliefs about what was best from a broad perspective, and for people in general, thus
going beyond the individual level. Misaligned participants had their biggest meal based
on when they were hungriest, and what was best for them, on an individual level.
Echoing the above examples, the participant with the highest level of chronodisruption
also said this in regards to when people should eat their biggest meal, “I don't think
there should be a standard, it should be what is best for the individual.” This is a perfect
illustration of the reasoning behind how misaligned participants structured their eating
and sleeping.

Habits, Routines, Dispositions
The best approach to the study of differences between aligned and misaligned
individuals is to examine patterns of consistency and contingency, which can be
summed up as habits, dispositions, and routines. Participants with aligned rhythms
embodied consistency, whereas misaligned participants embodied contingency. This
manifested in the language they used to describe their routines and habits, as well as
how they structured bodily practices throughout the day. The degree to which sleep or
eating times varied each day was backstage to the way participants thought about their
habits and routines. It was backstage to the way they approached and performed
everyday life.
Participants with aligned rhythms talked about when they “usually” ate and slept,
and framed the events of the day in terms of “having a schedule.” They structured their
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bodily practices in relation to their schedule. For example, they ate before or after class,
they put on music as soon as they woke up, or they exercised first thing in the morning.
They made food and sleep a priority. They had a plan and strategy for how to fit them in
with everything they had to do each day. This enabled them to maintain an overall
pattern of consistency and regularity in their performance of the everyday, in spite of
each day’s individual challenges.

Table 10. Beliefs and preferences in regards to the biggest meal of the day.

Circadian Status
Aligned

Biggest Meal of the Day
Exemplary Quotes
"Breakfast: because I think it is the most important. I feel
like you should eat earlier in the day and not later."
"Biggest meal of the day is usually between breakfast and
lunch. It’s usually breakfast and then lunch is usually salad.
This is because it starts my day and I need energy to
shower, get ready for class, go on with the rest of the day,
and study."
"My philosophy is to eat the biggest meal first and then
eat smaller throughout the day."

Misaligned

"In between lunch and dinner. Lunch because I the need
energy boost to get through the day. Dinner to help me
sleep."
"Lunch is the biggest. I come home [from school] crazy
hungry."
"I like mine at dinner, so I feel like that’s the optimal time.
Also, I’m more hungry at dinner, which may be why I think
it’s the optimal time."
"Between 10:30-11am I usually get really hungry. Biggest
meal is when I’m hungriest."
"For us it’s dinner because lunch we don’t have time to
cook that much."

125

Conversely, participants with misaligned rhythms framed their habits and routines
around to each day’s individual challenges. They talked about ‘going with the flow’ and
what was best for them as individuals. This varied moment-to-moment and day-to-day.
Regardless of any regularity in their daily and weekly schedules, their daily rhythms and
patterns of behavior were constantly in flux. Their eating and sleeping times shifted
each day based on a variety of factors (e.g., if they woke up late, if they did not have
leftovers in the fridge to take to work, if a family member called and asked for help, if it
was a meeting-heavy day). In the spatiotemporal order of their daily routine, eating and
sleep were positioned as afterthoughts in relation to everything else. It was something
they fit it in ‘on the fly’ when they could. This contributed to an overall pattern of
contingency and variability in their performance of everyday life.

Interpersonal Factors
Interpersonal factors which affect chronodisruption include the external factors
that participants interacted with, namely other people, social institutions, and culture
itself. They constitute the cultural structure and social milieu that participants operated
within and made choices about given their available resources. Data showed that other
people had very strong influences on eating and sleeping patterns. This research also
showed how participants navigated structuring their eating and sleeping patterns in
relation to their work and school schedules. It was, however, up to the individual as to
how they accommodated these factors into their daily lives.
Here, the developmental microniche is positioned as the capstone of these
interpersonal factors. It is the primary site where individuals are formed, and it pervades
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throughout their life course and into generations to come. To understand how external
sociocultural conditions and interactions come to be internalized and embodied in
circadian rhythms, it is worthwhile to examine these interpersonal factors in further
detail.

People: Housemates, Family, Friends
Other people played a large role in the timing of eating and sleeping, and thus
chronodisruption. Participants tended to synchronize their eating and sleeping patterns
in relation to the people they were in sustained contact with. This took the form of eating
and sleeping in conjunction with the people they enjoyed being around (such as friends
and significant others), and in avoidance of the people that they had contentious
relationships with (such as roommates with whom they did not get along). Additionally,
infant care required large investments in terms of time and energy, and was associated
with misaligned rhythms.
Friends, family, and significant others had large effects on eating and sleeping
patterns as sources of both variability and regularity. Participants stayed up late (past
midnight) with other people watching movies, partying, or even just hanging out and
talking. These activities almost universally involved food. Participants tended to eat
whenever they came together with other people (day or night), and to eat whatever
everyone else was eating.
As a result, friends, family, and significant others had strong synchronizing
effects on eating times. One misaligned morning type woman described it this way:
“Everything is social. If friends are hungry or eating, I’ll eat - even if I’m not that hungry.
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I’m a social eater for sure.” This participant also described how their eating and sleeping
patterns had changed living in the dorm:
School totally changes my schedule. When I’m home and not in school, I get up
earlier, and eat earlier. Living with roommates on campus, I stay up later, eat
later and wake up later… If we’re going out, I get home late. Or, if my roommates
are up, we hang out late. Otherwise, I would get tired quicker and go to bed. I
stay up later in the dorms because something is always happening… I’m
snacking more too.
During the interviews, this participant repeatedly described contrasts between their life
back home and what it was like living in the dorms. Back home she did not eat at night,
she would wake up at sunrise, and she exercised every morning; in the dorms, it was
the exact opposite.
Friends and family were also a major source of variability in eating and sleep
patterns because they often came together for non-routine activities such as dinners,
get-togethers, movie outings, theme park visits, and parties. These non-routine activities
often caused participants to wake up earlier than normal and could also cause them to
stay up later than they normally did at night. These non-routine activities also led to
periods of elongated grazing or snacking on food on some occasions. On other
occasions, non-routine activities led to elongated periods of fasting, which were
oftentimes punctuated by gorging and eating to excess.
For example, non-routine activities with family provided just about the only
source of variability in eating times for one aligned participant in the study. He had the
most regular eating pattern, which was very regimented and consisted of eating the
same thing at the same times each day. This participant lived alone and practiced
intermittent fasting. He typically only ate two meals each day: breakfast and lunch.
However, he would intentionally skip lunch if he knew he was going to be visiting family
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to eat dinner with them. Those occasions of eating dinner with family additionally
represented just about the only time this participant ate what he referred to as “carbs.”
The other time was when someone brought in doughnuts to work.
In addition to influencing the timing of eating, friends and family could also
introduce irregular periods of fasting. Family and social gatherings caused participants
to go extended periods without food, after which they subsequently gorged themselves
when food was finally served. One of the misaligned participants talked about how
hosting a party caused her to go so long without food that she got angry twice that day.
She did not eat all morning while trying to get everything set up. She describes that at
1pm “the food wasn't ready. I was mad it wasn't ready so I had to eat a hotdog.” She
was finally able to eat at 3pm when the grilled food was ready, and then did not eat
again until 11pm after they left. She explained, “I had to wait till they left because I
wanted cereal and didn't have enough to offer everyone and didn't want to be rude.”
She explained that she slept in the next day because everything involved with getting
the party ready and then cleaning up afterwards was “exhausting.”
Although eating is known as a highly social behavior, the majority of most
participants’ eating occasions were by themselves (See Figure 15). Eating with other
people typically occurred in the evening and on weekends (times outside of work and
school). Participants were more likely to snack and eat food they considered unhealthy
food, fast food, or junk food during these times. They also tended to blame the people
they were with for the food choices and timing, as these three different examples
illustrate:
I don’t eat sweets as much as he does. He craves it and brings it in the house so
I eat it because it is there.
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Friday night we stayed up late watching TV. All of a sudden my husband craved
a burger, so we went out and got one. So I ate one too.
If my fiancé’s snacking, I’ll eat some. I don't really eat chips, he does. If he's
eating them, I will.
It is unclear whether the other people actually did influence their diet in unhealthy ways,
or if they were just an attractive scapegoat. Either way, the connection between eating
and spending time with others is undeniable.

Percentage of Diet Eaten Alone
1

1

100% (n = 3)

3

75% (n = 7)
3

50% (n = 3)
25% (n = 1)
7

0% (n = 1)

Figure 15. Percentage of diet eaten alone.
The majority of participants ate alone most of the time. Three participants ate alone all the time,
and only one participant never ate alone.

The influences described above in relation to friends and family were magnified
in the case of co-sleepers. Co-sleeping here is defined as sharing the same sleeping
platform (e.g., bed). The majority of the participants who co-slept, did so with their
significant other. Outside of these romantic partnerships, one participant co-slept with
their 18-month old nephew, and another slept next to a baby monitor (a behavioral
practice that represented a form of virtual co-sleeping).
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Co-sleeping partners had profound impacts on eating and sleeping times, as
sources of both regularity and variability. As a result, all participants who co-slept had
misaligned rhythms. The interviews revealed that co-sleeping represented a level of
social proximity so close, that it extended beyond the night, and into the day as well.
Therefore, throughout both the day and night, co-sleepers had strong
synchronizing influences on both diet timing and composition. When one ate, the other
often ate too. When meals were cooked at home, the person doing the cooking that set
the mealtime. For example, this misaligned intermediate woman described the impact of
her husband cooking dinner:
[My mealtimes are] more dependent on those around me than I would like it to
be. My husband especially... I would like dinner at 6:30pm, and that’s when we
eat when I cook, but he's a slow cooker. So, when he cooks, it's at 7:30pm.
Today he said he was gonna cook and bring me lunch. He did, it just came an
hour later, and I had a meeting at 1pm. So, I wasn’t able to eat lunch because it
came too late.
At multiple points during the interviews this misaligned participant described how her
partner caused her to eat later than she preferred, or to not have food to eat at lunch.
Another misaligned participant ate over 90% of his meals at home, cooked by his wife.
Not only did co-sleepers influence the timing of meals eaten together, they also
often snacked together, especially at night. Participants described indulging in food just
because “it’s there,” saying that they normally would not have eaten that particular food
or at that particular time otherwise. This was the case especially when one partner
tended to have more cravings for junk food and snack food. This was also the case with
toddlers who preferred kid-friendly foods, such as cereal, pizza, and chicken nuggets.
The sleeping patterns of co-sleepers tended to synchronize with one another.
Co-sleepers had the potential to cause each other to stay up late, go to bed early,
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disturb each other’s sleep, and arouse each other from slumber. Nighttime was a space
for ‘quality time’ and coming together at the end of the day. This time was often spent
watching TV or movies together, eating, talking, and enjoying the companionship and
joy of being together. These activities could easily cause them to stay up late into the
evening or early morning. Some partners did tell the other one when to go to bed, and
may even turn off the lights and take their phone away as well.
Co-sleepers often disturbed one another’s sleep. There was a joint awareness of
the movements and microarousals of the other. If one got up, turned over, snored,
talked in their sleep, or went to the bathroom, it could easily wake up the other person.
Even the participant with the baby monitor described being easily aroused by the
changes in breathing and movements of her infant throughout the night. She also woke
up intermittently throughout the night to look at the baby monitor and check that her
baby was okay.
Co-sleepers also disturbed each other in the morning. This was especially the
case in the morning when one partner woke up earlier than the other to get ready for
work or school. In this case, the noise one partner made while getting ready to leave
would wake up the other, who would later fall back asleep after they left. Both of the
participants that co-slept with babies remarked that the baby crying in the morning
meant that they had to get up and tend to the baby.
Babies, as infinite sources of joy and frustration, formed a category all on their
own. They had large effects on eating and sleeping times, which had to be structured
around their needs and care. This had a way of introducing regularity in some instances
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(e.g., nightly bedtime routines), and irregularity in others (e.g., infants waking early,
teething, or sick).
The misaligned participant who slept with their nephew also described him
disrupting their sleep:
He influences my sleep by deciding if he wants to wake me up at 1am or not by
crying, and how tired he makes me when running after him all day. When he's
sick, I try to stay awake to make sure he's breathing right.
In addition to disturbing her sleep and depleting her daytime energy levels, she also
described that she always had to eat standing up because, “he will get in my lap if I try
to eat sitting down.” The mother of the 2-year old also described always eating standing
up for this reason as well.
The participant who was a primary caregiver to her 2-year old daughter
described the challenges of balancing work, school, and childcare. Caring for her
daughter made breakfast and dinner difficult. As a result, she often skipped those
meals. In fact, lunch was the only consistent meal in her day:
[Breakfast] is hard to do on weekdays with my schedule. In an ideal world I'd go
to work at 11am. I don't like to wake up early. Dinner is highly influenced by my
daughter. She will want to eat and play, then I have to give her a bath and get
her settled down for the night. I want to give her attention because she's been
gone all day [in daycare]. Lunch I keep open, so I can get my hour. I don't
schedule any meetings during that time. I don't operate well in long spans without
food.
Although the time she needed to go into work made it hard for her to eat breakfast, the
workplace provided a protected space for her lunch. Lunch was her only regular meal,
and it was also her biggest meal of the day. She explained, “My biggest [meal] is always
lunch typically. I know I need a larger meal then, because when I get home my daughter
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needs attention.” She elaborated more on how caring for her daughter often caused her
to skip dinner:
If I don't have something prepared, I might not eat. I might be too busy to cook
and it's the process. To come home after a long day at work and have to cook,
then have to eat it, then clean up, and deal with a two-year old is too much. She
needs food, a bath, and then settle her to sleep. I try to batch cook a bunch of
food on Saturday & Sunday if possible and then I’ll have food stocked in the
fridge to eat.
When she first gets home all of her time is centered on spending time with her daughter
and getting her prepared for bed. In an ideal world she would have food cooked, ready,
and waiting in the fridge that would be quick and easy for her to heat up. However,
generally that was not the case.
She additionally described a tension between having time for herself and getting
much needed rest after her daughter fell asleep. Most nights she would stay up
snacking and eating chocolaty and sugary foods in bed:
After she goes to bed, it’s my time. I may cook, may enjoy it, and it may delay
sleep. He goes to bed between 7:30pm and 8pm. Then I can rest and have a
brownie. One night I was up eating tacos until 1am (See Figure 16).
This was the only time in the entire day that she had for herself. Yet, this time had a
time limit on it, and every moment of it that she enjoyed took away some of her sleep.
For the sleep influence photo prompt, she took a picture of her baby monitor. She
explained that the picture of the baby monitor represented the importance of “making
sure I can get my sleep while my she’s sleeping. If she wakes up, then I got to get up”
(See Figure 17). She also explained that her sleep was never fully restful because she
remained vigilant of her daughter’s breathing and movements through the baby monitor
while she slept. If her breathing or movements changed during the night, it would wake
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Figure 16. Five typical nights of “me time” eating chocolaty, sugary desserts.
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Figure 17. The baby monitor at night.

her up. She also woke up intermittently through the night just to look at the baby monitor
and check on her.
Finally, roommates also had large influences on the timing of sleeping and
eating. Participants had anywhere from one to four roommates. Some participants had
their own bedroom, in addition to a shared common space. Other participants only had
one room to share with their roommate, and both of their beds were in it together. When
roommates were friends, they did nearly everything together. As a result, their eating
and sleeping patterns synced up with one another.
Roommates who did not get along with one another also synced up, however it
was instead in patterns of avoidance. All participants who did not get along with their
roommates had aligned rhythms, potentially as a result actively trying to avoid the
person that they lived with. These participants knew their roommates’ schedules and
purposely timed their activities to avoid them, and this built regularity into these
participants’ schedules. These participants described eating away from home and
avoiding going home when they knew their roommates would be there. For example,
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this aligned morning type woman described how hostile tensions with her roommate
influenced her comings and goings:
If my roommate is home, I leave early because I’m not a fan of her. I may eat
slower in the dining hall so I don’t have to come back and see her.
Another aligned participant talked about eating all of her meals in her room, or waiting
until her friends were home so she could go over to their place to cook and eat. She
never cooked at home and avoided common areas because, in her words, her
roommate was “confrontational” and “unsanitary.” These are just a few examples of
many that illustrate reasons why all participants who did not get along with their
roommates had aligned rhythms, and why all participants who did get along with their
roommates had misaligned rhythms.
Participants who had their own room, had a safe haven. They could hide in their
rooms and avoid the common areas when the other person was home. Participants
sharing a room had nowhere to hide. In all of the circumstances where one room was
shared, participants did not get along with their roommates and harbored strong
resentments towards their sleep being continually interrupted and disturbed by light and
noise.
Amongst all participants that did not get along with their roommates, tensions
ranged a spectrum from either unspoken to outright combative. Participants who did not
like their roommates talked about it repeatedly in each interview. This signaled the large
role these interactions played in their life on a day-to-day basis. These participants
resented their roommates for continually disturbing their sleep and eating. In addition,
all of these participants described how their roommates' preferences for different
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temperatures made their living environments uncomfortable, and how it poorly affected
their sleep. Some participants described it being too hot, for others it was too cold.
Cleanliness was another issue of contention in the case of disgruntled
roommates. One participant described their living situation being so dirty that they were
unable to cook or prepare food in the kitchen. This forced them to rely on prepackaged
snack foods most of the time. The only time that they were able to cook food for
themselves was in the evenings, when their friends were home and available. As a
result, most evenings they would visit friends to get out of their apartment and seek
refuge with friends where they were able to cook food for themselves. Being unable to
cook food in their kitchen was a great source of hardship being that all participants
described cooking food at home to save money, because eating out was expensive and
unsustainable financially.
As the examples above illustrate, the greater the proximity between two people,
the greater influence they had on each other’s eating and sleeping habits. Housemates
had a stronger influence than friends and family who lived in another household. People
who shared a room had an even stronger influence, and people sharing the same bed
had the strongest influence.

Social Institutions: School, Work
The demands of school and work had large influences on chronodisruption.
School and work schedules were a primary structuring force in the temporal
organization of participants’ daily lives. Participants described how school and work had
a way of causing meals to “get pushed around.” Some participants missed or skipped
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meals due to the demands of being at school and work. Other participants found that
school and work created a protected space for lunch, and for some it was the only
regular meal in their day. Additionally, school and work had a way of creeping into the
bedroom, delaying sleep, and sparking anxiety. Working on schoolwork and work
emails at night was associated with snacking, as well as with chronodisruption. This
section will begin by examining the influences of school, then the influences of work,
and finally will explore the areas of overlap between the two.
In regards to school-related influences, finances, class schedules, and
schoolwork were linked to eating and sleeping patterns. Sometimes participants skipped
meals to save money, and this contributed to misaligned rhythms. Participants whose
classes started at the same time each day had aligned rhythms, and those whose did
not had misaligned rhythms. Additionally, most participants tended to do their
schoolwork before bed. This practice contributed to misaligned rhythms, especially
among those who were the most and least conscientious about schoolwork. Those who
had the habit of waiting until the last minute to complete assignments and study for tests
described staying up all night cramming before they were due, all of them had
misaligned rhythms. Additionally, the participants who were so preoccupied with
schoolwork that it consumed the majority of their evenings also all had misaligned
rhythms.
Finances played a large role in the eating habits of the participants in this study.
Participants not enrolled in the university dining program tended to avoid eating on
campus, and eating out in general, in order to save money (all but two of them had
misaligned rhythms). The misaligned participants habitually skipped meals when they
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were out, waiting until they got home to eat. Two different misaligned participants
described why in this manner:
If I’m out and hungry, I won’t eat. I will wait till I get home… Like on Tuesdays, I
will go a long time without food.
I may not eat because I don't want to spend money to eat something on campus.
The practice of skipping meals when they were out greatly contributed to irregularity in
their eating timing.
In contrast, all of the participants who were enrolled in the university dining
program had aligned rhythms and regular eating patterns. Students enrolled in the
dining program ate nearly every meal in the dining halls. For the evening types this
mainly consisted of pizza, french fries, and hamburgers. Morning types focused more
on ‘healthy’ eating that included fruit and vegetables in each sitting. One aligned
morning type woman said she liked to “stick with a colorful plate” (See Figure 18). She
said that she loved the dining halls because she was “able to get more ingredients and
variety” there. She ate fruit with every meal and a big salad every day for lunch.
Aligned participants who were not on the university dining program, either meal
prepped or bought snacks in bulk so they always had food to eat. For example, one
aligned intermediate type woman said, “I try to keep snacks on me” and always grabbed
them as they were heading out of the door (See Figure 19). This practice enabled them
to maintain a regular eating pattern without having to buy food on campus or eat out.
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Figure 18. Aligned definite morning type woman and avid fruit eater.

Student class schedules appeared to have a major influence on
chronodisruption. All participants who had classes starting at the same time each day
had aligned rhythms and regular eating patterns. Participants whose classes started at
different times on Monday & Wednesday vs. Tuesday & Thursday all had misaligned
rhythms and irregular eating patterns. These students described eating at different
times on Monday & Wednesday vs. Tuesday & Thursday due to their class schedule.
Some participants did not have a class schedule at all. This was either because they
were undergraduates on summer break, or because they were graduate students who
had finished their coursework. All of the participants who did not have a class schedule
had misaligned rhythms and variable eating patterns.
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Figure 19. Aligned intermediate type woman’s to-go snacks.

Schoolwork itself also played a role in chronodisruption through its influence on
sleeping and eating habits. Students tended to study in the evening before bed, and
studying was linked to snacking and eating after 8pm. Some preferred to snack while
they were studying, others took breaks to eat. For example, a misaligned intermediate
type woman explained:

142

When I study I am in the zone and don't want to break it. I stay locked in, so I
don't eat until I'm starving. Then I go for something convenient and fast. Or, if I
need a break, I will cook something to get that break, eat, and then go back.
This participant pretty much spent every evening studying as long as she could.
Students who regularly devoted the majority of their evenings to intensely focus on
schoolwork all had misaligned rhythms. Additionally, students who left assignments and
studying to the last minute also had misaligned rhythms. They would stay up all night
whenever they had an exam or assignment due the next day. For example, the
participant with the second-highest level of chronodisruption said, “I forgot about my
midterms until just before and was cramming.”
In regards to work-related influences, the workspace had the potential to be both
a source of regularity and irregularity for participants’ eating and sleeping patterns. The
form this influence took was based on the pattern of their work schedule and their
approach to accommodating it within their daily life. Whether or not the workspace
allocated time for ‘lunch,’ how much time was allocated, and how the food ate at work
was procured were all important factors as well.
All of the aligned participants started work at the same time everyday. There
were a few misaligned participants who worked at the same time everyday; however
they were the most disorganized and tardy participants in the entire study. They were
even late to our meetings, and on two occasions missed them entirely because they
forgot! The participants who started work at different times on different days of the week
all had misaligned rhythms. Participants who did not work also had misaligned rhythms,
by all appearances due to economic reasons and lack of structure in their daily
schedule.
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Aligned and misaligned participants fit into two general categories in the
workspace. Aligned participants valued keeping their eating and sleeping patterns
consistent on their on and off days. They had strategies set in place that supported
those values (e.g., meal prepping), and they were more consistent in following through
on those strategies. Misaligned participants, on the other hand, skipped meals regularly,
had more variable eating patterns, and were not as consistent at meal prepping as they
wished. The most common reasons they gave for skipping meals were: being too busy,
running late, not having time, not being tired, or not being hungry. These examples
demonstrate that misaligned participants pointed to contingencies structuring their
eating and sleeping patterns, instead of emphasizing that their eating and sleeping
patterns were under their control, as the aligned participants did.
The misaligned participants who worked at the same time each day took the
theme of contingency to its most exaggerated level. They all described themselves as
“perpetually late” and habitually left things to the last minute. These participants
narrated how each day they squeezed food in, around, and amongst the things they had
to do. For example, the participant with the highest level of chronodisruption in the study
explained:
Lunch [time] varies by what’s going on at work. If it’s a meeting-heavy day, then I
eat when I can… One day I didn't have a chance to get lunch because I had
meetings all day… I work food in around meetings, activities, etc.… Meetings
and reports take precedence.
Even though this participant worked the same hours each day, they did not have a
dedicated time at work carved out for themselves to eat. They blamed the workplace for
this; however when they were home the pattern was very similar. They still described
being “too busy” or, when they did have time, simply “feeling too lazy to cook.”
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Additionally, the misaligned participants who started work at the same time each day
often ate while they were actively engaged in other activities. For example, they ate
while on their computer at their work desk, in their car on their way to go somewhere,
and in their bed while on their laptop or watching TV (See Figures 20-21). So, even
though their work schedule was consistent, their eating patterns were not.
The workspace was a place where participants said their meals could easily get
“pushed around” by reports, meetings, and other responsibilities. On the other hand, the
lunch hour could also create a protected space for meals, and might even be a
participant’s only regular and substantive meal of the day. Whether or not participants
had a dedicated time set aside for their lunch, and whether or not they could eat at their
desk while working, were important factors.
Participants who did not have a set lunch time, and described that they “fit lunch
in” around their work responsibilities, were less likely to eat lunch at the same time each
day. Those who were able to eat at their desk could potentially eat their lunch at the
same time each day, and some did. For others, the freedom to snack at their desk
throughout the day allowed for greater variability in their eating patterns at work.
How lunch was procured was another important factor that came out of the
interviews. Everyone seemed to prefer to bring leftovers or food cooked at home, but
not everyone was consistent at having it prepared and ready to take with them.
Participants with aligned rhythms were more likely to consistently plan ahead, whereas
participants with misaligned rhythms were more likely to take it day-by-day.
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Figure 20. Misaligned evening type eating in front of computer and eating in bed.
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A. Misaligned evening type woman

B. Misaligned evening type woman with the highest level of chronodisruption
Figure 21. Misaligned evening types eating in their cars.
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If participants had to go out and buy food during their lunch break, proximity,
time, and budget became important considerations. One aligned evening type man
explained:
Constraints on time definitely. I worked retail and only got a 30 min lunch break.
Chipotle was close, but if the line was long, I was screwed. A lot of time only had
enough time to get a smoothie.
Participants tended to only eat off-campus during the summer, when parking was less
of an issue on campus. For example one participant said, “It’s 50/50 whether I bring
lunch or go out to eat, either on or off campus. During summer I’m more likely to go off
campus. During the semester it’s not worth fighting for parking.”
Proximity, time, and budget were important considerations when eating on
campus as well. Some participants resorted to vending machines for food. For example,
the participant with the highest level of chronodisruption said, “I eat more junk food
during the week. It's more accessible, and easier. I work on campus and I usually eat on
campus. Summer everything is closed, so I go to vending machines.” Another popular
choice among participants was the egg salad and chicken salad sandwiches sold on
campus. Two participants the reasons why it was a regular lunch staple for them:
No leftovers to bring for lunch if I didn't cook the night before. I will grab a chicken
salad sandwich in the cafe downstairs if there's no leftovers.
My work lunch: chicken salad sandwich from café downstairs in building.
Convenient and delicious. Eat at desk.
Convenience, cost, taste, and ease of eating were all reasons why these sandwiches
were a popular lunch option for people who worked on campus (See Figure 22).
Participants who were not working had the least regular eating and sleeping
patterns in the study. All of them had chronodisruption. They were more likely to stay up
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as late as they wanted, and to sleep in as much as they wanted. For evening types in
particular, this resulted in the most delayed patterns observed through the course of this

A. Misaligned intermediate woman

B. Aligned intermediate woman
Figure 22. Convenient, economical, and easy to eat while working on the computer.

study. The participant with the second-highest level of chronodisruption explained the
influence not working had on their eating and sleeping patterns this way:
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When I’m working I eat more regular, when I’m not working it’s very whatever... I
slept till noon so much this past week, which I normally never do… I have no day
left after that.
This participant had the habit of napping throughout most of the day. She would wake
up, eat, and then go back to sleep. When nighttime came, she would stay up all night
simultaneously on her phone and watching TV through the early hours of the morning
and sometimes even into the afternoon.
Participants who were not working were more financially stressed and tended to
eat nearly all meals at home. They were more likely to skip meals because they did not
have money for food. For example, one misaligned participant explained:
My new job will probably make my eating more regular. And I'll probably have
lunch at the same time every day. I will hopefully start eating breakfast.
This misaligned participant had one of the most irregular eating patterns in the study
and seemed to be the least food secure as well. At multiple points during the interviews
this participant discussed how lack of finances contributed to eating patterns and dietary
options. I could audibly hear the participant’s stomach growling during each interview. It
was towards the end of the semester, a time when financial aid money was likely to
have already run out. This suggests that the end of the semester may be a particularly
vulnerable time for students financially and nutritionally.
The examples described above demonstrate that school and work schedules are
important factors to consider in regards to chronodisruption. Eating and sleeping times
had to be negotiated around school and work schedules. Terms of this negotiation
differed strikingly between participants with aligned and misaligned rhythms. Aligned
participants took a consistent approach to structuring eating and sleeping around their
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daily schedules. Conversely, misaligned participants took a more contingent and fluid
pattern day-to-day that resulted in larger variability in sleeping and eating patterns.
All participants who had either no school and work schedule, or a variable
schedule that changed day-to-day, had misaligned rhythms. Two participants with
variable schedules described how this caused them to eat at different times on different
days of the week:
I eat breakfast later any morning I don't have to work, usually on Tuesday and
Wednesday, because I work at 12.
I wouldn’t eat as soon as I get up, I like to wait a little, but I have to eat right away
before class. Class gets out at 2pm and that would be too late. My next class is
at 5pm and I don’t want to buy food on campus, so I usually eat lunch between 25pm on Mon & Wed. On Tues & Thurs I get to eat breakfast when I want to: no
classes.
Similar to eating times, sleeping times also varied day-to-day based on the times these
participants needed to be at school and work. The participants with no schedule had no
bounds, and they ate and slept whenever they felt like it. They had the most variable
eating and sleeping patterns of all participants. As a result, they all had misaligned
rhythms.
All of the aligned participants had regular school and work schedules, with
regular eating and sleeping times structured around them. This did not mean, however,
that all participants with regular school and work schedules had aligned rhythms. Some
of the participants with regular school and work schedules did have misaligned rhythms,
and as a group they shared unique qualities that differentiated themselves from
everyone else in the study.
These participants had they were chronically running late to the places they
needed to go, described difficulties ‘getting out of the door’ in the morning, had variable
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eating times and bedtimes, and talked about not having enough time to eat and sleep
when they needed to. Whereas aligned participants built in regular eating and sleeping
times around their school and work schedules, these participants let whatever feelings
they were having, or whatever was going on around them, influence when, and whether
or not, they ate and slept.
The following examples serve to provide context to better understand how
misaligned participants with regular school and work schedules took patterns of
contingency to an amplified level. One misaligned evening participant described her
morning routine as follows, “I wake up, let dogs out, take a 15 to 30 minute nap, and
then the chaos starts. I need to be out at a certain time, and that’s never the case, I’m
always running late.” This was a typical morning for this group of misaligned
participants. It was also common for these participants to say that they eat “when they
can.” One described it this way, “If I can eat in class, I do, or I scarf down something in
the car or between classes.” In this example, even though her classes are always at the
same time, there was still no regularly scheduled time or space carved out for eating.
Consistently running late and leaving things until the last minute also contributed
to skipping and missing meals among the misaligned participants with regular school
and work schedules. This misaligned evening participant explained:
I didn't eat breakfast because I didn't have time. I was hungry. I'm perpetually
late. I had class and had to go to the office to print something and read
something as well so that’s why I didn’t have time.
Multiple factors converge here: waking up without enough time, not preparing for class
the night before, and not having food prepared or snacks to grab on their way out the
door. The participant with the highest level of chronodisruption shared a similar story:
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I was really hungry [that morning] and didn’t sleep the night before because I was
editing my thesis, had to wash my hair (which is a lengthy process), and started
too late. Went to bed around 2:30am. Maybe I was anxious about the [school
event the next day] and making sure I had everything. I didn’t know what to
expect.
They did not eat at all that day until very late. They woke up hungry, had a school event
to attend that started at 1pm, and yet they still did not have enough time to eat
beforehand. The reasons they gave for not eating represented a perfect storm of
factors: anxiety about the next day, staying up late, waking up late, and leaving things to
the last minute. It also is an excellent example of the narratives shared by misaligned
participants and the characteristic pattern of contingency that was amplified among
those who had regular school and work schedules and misaligned rhythms.
One final point is important to mention. Casual observation might suggest that
regular school and work schedules lead to aligned rhythms, and that irregular school
and work schedules (or lack thereof) lead to misaligned rhythms; however, that would
be a gross oversimplification. Further, it would also make it appear as if school and work
schedules directly caused or prevented chronodisruption. The misaligned participants
with regular school and work schedules show this not to be the case. In the end, it was
differences in how participants accommodated their work schedules into their lives that
determined whether or not they had chronodisruption. The themes of consistency and
contingency illustrated those differences.

The Developmental Microniche
Eating and sleeping behaviors are taught, molded, passed down, and modified
generation to generation. They intertwine with recommendations from experts; the

153

beliefs, values, and constraints of caretakers; and the rest of the developmental
ecologies that one is raised within. Some of these things are taught outright and some
are unconsciously learned through experience as habitus. These themes emanated
spontaneously in interviews as participants reflexively sought out reasoning for their
sleeping and eating habits.
Some participants pointed to the eating habits of their parents to explain their
own habits and patterns. For example, some participants skipped breakfast because
their parents never ate breakfast. Another participant explained that because their
parents were doctors, they instilled strong values for healthy eating. Yet another
participant described growing up in an environment in which they were accustomed to
sleeping in an environment with lots of background noise. They said the quiet,
acoustically buffered environment of the dorms made it hard for them to sleep at night.
Other participants, who grew up sleeping in quiet rooms, complained that the noises of
roommates and neighbors were disruptive to their sleep.
The above examples provided descriptions of specific values, practices, and
behaviors that were be passed down and embodied. Beyond that, the general approach
to life is intergenerationally passed down. For aligned participants this approach
embodied consistency, for misaligned participants it embodied contingency.
Among the aligned participants this was reflected in structuring their day
according to a schedule and a more regimented order to their habits and practices.
Although each one did this in different ways, their behavior generally followed this
theme of consistency. Examples of some of these regimented, scheduled patterns of
behavior include exercising as soon as they woke up, staying off their cellphone while
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eating, meal prepping each Sunday, or always stopping for fast food before driving
home to visit family for the weekend. The one behavioral practice all aligned participants
shared was structuring their bedtime in relation to when they needed to get up, in order
to ensure they had what they considered to be a full night’s sleep.
Among the misaligned participants, it was clear that a different pattern had been
passed down from their parents. Misaligned participants adopted a more fluid and
contingent approach to life and temporally structuring their behavior. The timing of daily
practices was fuzzy and shifted to meet the ever-changing demands, opportunities, and
feelings they encountered each day. As compared to aligned participants, Misaligned
participants were more likely to fall asleep with the lights or tv on, they ate in their car
more often, had less regular patterns of eating, and often skipped or missed meals
because of the activities they were engaged in.
Sleep props and accoutrements represent another intergenerationally learned
part of sleep culture. Many described ‘being comfortable’ as very important for a good
night’s sleep. These references were generally in regard to the material culture of sleep,
although some participants also talked about feelings of safety and comfort within one’s
surroundings as being important as well.
Comfort was a theme expressed by 8 out of 17 participants. Some participants
talked about having a comfortable bed, others talked about needing a comfy pillow, or
even lots of pillows. Some participants talked about blankets. For example, one said, “I
like to be warm in a cold room. I wrap my blanket tight around myself and the room is at
71°F.” Another participant described “being superstitious” and talked about needing his
little wooden turtle next to his bed at night in order for him to sleep well (See Figure 23).
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Cellphones also provided a form of emotional comfort. Nearly everyone slept
next to their phones, and some even slept with their phones in their bed or under their
pillows. Social media, texting, and Facetime provided a way to bring people into the
bedroom who were not physically present. Participants found comfort and security
knowing that if someone needed to get in contact with them that they could, and that if
they needed to contact someone then they would be able to.

Figure 23. An aligned evening participant’s sleep prop.
The developmental microniche represented a form of social inheritance so far
reaching that it structured most, if not all, behaviors. Some families instilled regimented
schedules. This could take the form of three square meals a day eaten at a table, or
bedtime routines that included brushing teeth or giving a child a bath and reading them
a book before putting them to bed. Other described that their families ‘go with the flow.’
They tended to eat and sleep whenever, wherever, and the boundaries surrounding
these acts were more fuzzy and fluid. For example, they might eat just about anywhere,
such as standing up in the kitchen, in front of their computer while working, or in their
car on their way to go somewhere. They might fall asleep with the lights on, or on the
couch watching TV in their ‘day’ clothes, without brushing their teeth. These examples
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represent different orientations to how everyday life is structured, patterned, and
ritualized. Some took an approach of consistency, for others it was contingency.

Research Question #2:
Separating Chronotypes by Zeitgebers
Among the social zeitgebers explored in this study, there were few differences
between chronotypes. Morning types tended to eat earlier in the day and evening types
tended to eat the latest, with intermediate chronotypes sandwiched in the middle. Eating
after 8pm & skipping breakfast clustered together. All chronotypes described anxiety
interfering with falling asleep at night. The participant with the second-highest level of
chronodisruption described it as “when you can’t turn your brain off at night.” Morning
and intermediate types were more likely to be anxious about their studies and be
proactive about it, making a regular habit of working on schoolwork in the evenings.
Evening types were more likely to describe using LEDs “to get their mind off things” and
help them fall asleep. Evening types also used LEDs to connect with long-distance
friends late into the night (past midnight) and even into the early hours of the morning.

Food Consumption
Eating midpoint was the only social zeitgeber that varied significantly by
chronotype. There was a statistically significant effect of chronotype on eating midpoint
(f = 6.8482,11, p < 0.0117). Evening types (17.498 ± 0.443) ate later than intermediate
(15.804 ± 0.440) and morning (14.567 ± 0.806) types. However, only the morning and
evening eating times were statistically different from each other (Figure 24). In addition,
there was a high positive correlation between eating midpoint and skipped breakfasts
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(r(13) = .83, p < .0001), and between eating midpoint and eating after 8pm, (r(13) = .79,
p < .001). There was also a moderate positive correlation between skipped breakfasts
and eating after 8pm, (r(13) = .65, p < .01). Differences were most pronounced for
definite morning types, who rarely ate after 8pm, almost always ate breakfast, and thus
had a much earlier eating midpoint as compared to everyone else. Nearly everyone else
almost always skipped breakfast and ate after 8pm.

Figure 24. Eating midpoint by chronotype.

Anxiety Before Sleeping
Anxiety about school or work was a major source of stress for all chronotypes. All
chronotypes tended to have similar things that weighed on their minds. These anxieties
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pushed them to stay up later by making it hard for them to fall asleep, it also gave them
poor quality sleep and caused them to wake up feeling unrested (See Figure 25). To-do
lists and things left undone became major sources of anxiety in the quiet moments
before bed. Thinking about what they had to do the next day also was a major source of
anxiety. The biggest difference between chronotypes in regards to stress and anxiety
was how they coped with their feelings.

A. Misaligned morning type man

B. Misaligned morning type woman

Figure 25. Anxiety and stress impact bedtimes, sleep, and cause stress eating.

Participants talked about anxiety and stress in regards to grades, to-do lists,
things that needed to be done, and upcoming events. A misaligned morning type man
described how stress could cause them to get a poor night’s sleep: “My overall stress
dealing with life for the night (does not affect me when I’m sleeping, but I may stay up
preparing ideas to proactively prepare for stressful situations).” Stress and anxiety could
also take the form of replaying past events over in the mind. An aligned definite morning
type man described it this way: “I ruminate a lot. Thinking about work... Do I want to
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renew my lease? I ‘Monday morning quarterback’ thinking back, why did I say or do
that? I get frustrated by how the day went and think about it.”
Morning and intermediate types tended to be more stressed about grades &
schoolwork. They were also more likely to be proactive about their anxiety and stay up
studying as a result. For example, a misaligned morning type explained:
People have issues with anxiety and stress and it gets to them, a friend doesn’t
go to sleep until 4-5am because they’re stressed about school. If I’m worried I
work harder and study longer and stay up. Bumping up my GPA is important.
Evening types were more likely to describe using LEDs before bed to “wind down” and
“turn their brain off” when they were anxious or stressed so that they could go to sleep.
Evening types were also more likely to describe answering work emails in bed and
trying to be “productive” when they were stressed. They also described that this could
backfire and trigger an additional “cascade” of stress.

Nighttime Sociality
Nighttime was a time of social significance for all chronotypes. Universally,
nighttime was the part of the day people came together after work or school and did the
things that they enjoyed with the people they cared about. Cooking and eating were
central to these times. Watching TV or movies were common ways to spend most
evenings. Social outings and partying were more likely to happen on the weekends.
Although most participants connected with the people they cared about in
person, LEDs provided another popular way to connect. Social media, texting,
Facetime, and phone calls were central to evenings whether or not participants were
alone or in the company of others. Evening types in particular tended to spend longer
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amounts of time each night using LEDs to socially connect. Indeed, the participants who
stayed up the latest at night (past 2am) were evening types connecting with longdistance friends over the phone and through video games with group voice chat
features. For example, one aligned evening type man said:
I play video games to connect with one of my major friend groups back home. I
get on when they do and go to sleep when they do. I try to get at least a few
hours in with them while they are on.
This participant had two major groups of friends that he connected with through gaming
most evenings. Another evening type woman used Facebook Messenger to stay up
through the night, and even into the morning, connecting with a friend overseas. This
participant had the latest average bedtime in the study (5:41am).

Research Question #3:
Separating Chronotypes by Chronodisruption
Differences between chronotypes emerged after separating those with and
without chronodisruption. These differences centered on the habits and routines related
to how time was spent in the evening before bed, and what influenced the that time
participants went to bed. Aligned participants had cut-off times for their evening activity.
They made sure to go to bed in time to get as much sleep as they felt they needed. In
contrast, misaligned participants sacrificed their sleep to stay up at night. Misaligned
morning and intermediate types were more likely to stay up because they were
studying, or because they did not want to miss out on the activities their friends were
engaged in. Conversely, misaligned evening types described staying up late (past
midnight) because they “felt like it” or because they “weren’t tired.” Other differences
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between chronotypes based on chronodisruption were discovered in terms of scrolling,
nighttime LED use, and physical exercise.

Bedtime Influences
Influences on the times participants went to bed varied greatly based on
chronotype and chronodisruption. Aligned morning and evening types set cut-off times
for how late they stayed up. They went to bed based on the time they needed to get up.
In contrast, misaligned evening types put no bounds on their bedtimes. Misaligned
morning types, on the other hand, typically only stayed up late (past midnight) to study
or hang out with friends.
Aligned participants made a habit of going to bed early enough to get at least 6-7
hours of sleep. Aligned evening types generally would stay up late if they knew they
could sleep in the next day. For example, an aligned evening type man said:
Weekdays I don’t like less than 6 hours of sleep, so if it's midnight I will go to
sleep. If [there’s something going on] I will hang out, but once it gets to 1am, I
want to go. Weekends it’s whenever I get tired because I can sleep in.
On nights when they could not sleep in, they had a cut-off time set in place based on
the time they needed to get up. This separated them from the misaligned evening types.
Aligned morning and intermediate types also said that their bedtimes were
determined by when they needed to get up. In addition, they described that whether or
not they had a “full” or “satisfying” day influenced, because it made it easier for them to
fall asleep. They valued getting the most out of each day and said that if they felt like
their day had not been satisfying, they would be more inclined to focus on getting some
“me time” before going to bed. For example, one aligned morning type said, “I may stay
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up late if I felt like I only did stuff for other people all day and I want to do something for
me.” Generally this meant doing something pleasurable or fulfilling, such as reading,
listening to a podcast, or following a guided meditation.
Misaligned participants were more likely to stay up later because they “felt like it.”
Misaligned evening types put no limits on their bedtimes and described going to bed
whenever they “get tired” or “shut down.” Morning types were less inclined to stay up
late. When they did, it was usually because they had schoolwork they needed to do, or
because they did not want to miss out on activities with their friends. This was especially
the case for misaligned morning types, all of whom said the “people they were with” and
“what was going on” influenced their bedtimes For example, this misaligned morning
type said, “I tend to have fun with them if I feel good about how much I have studied, but
they do not fall asleep until 4-6am nearly everyday, so I mirror that.”

Scrolling, LEDs
Nighttime scrolling and LED use took on different forms based on chronotype
and chronodisruption. These forms can be classified into the following patterns:
minimal, secondary, sequential, and multitasking. Each category represents an
increasing intensification of use.
Aligned participants were less preoccupied with scrolling on their phone before
bed. Aligned morning types followed a minimal use pattern. They did not scroll at all
before bed. Aligned evening and intermediate types followed a secondary use pattern.
This meant that, although they did scroll before bed, they emphasized being primarily
immersed in other activities, such as listening to podcasts, playing video games online,
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or talking on the phone. They also had clear cut-off times for when it was time to go to
bed.
Misaligned morning and intermediate types followed a sequential use pattern.
They tended to immerse themselves in one LED at a time, using them sequentially, and
scrolled when they got in bed. They typically worked on schoolwork at their computer
during the first part of the evening, then watched TV or streamed videos, and finally
would get on their phones and scroll when they got into bed.
Misaligned evening types followed a multitasking use pattern. They scrolled on
their phone while using other (often multiple) LEDs simultaneously. They often would
scroll while hanging out with other people and watching TV, movies, or streaming
videos. They also talked about “binge watching shows” while multitasking on homework,
studying, answering work emails, and checking social media. Participants with the
highest levels of chronodisruption followed a multitasking use pattern regardless of
chronotype. Additionally, all misaligned evening types also scrolled in the morning. They
described it being problematic because they could easily lose too much time doing so,
and it could cause them to be late to work or to drop back to sleep.

Schoolwork Before Bed
While misaligned evening types tended to be more preoccupied with streaming
and scrolling before bed, misaligned morning and intermediate types were more likely to
be preoccupied with schoolwork. They talked about spending the majority of most of
their evenings studying to raise their grade-point average, working on publications,
editing their thesis, or studying for the GRE/GMAT. In addition, all of the participants
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who took a picture to represent schoolwork for the sleep influences photo prompt were
misaligned morning and intermediate types (See Figure 26).

Figure 26. Schoolwork and studying was often done just before bed.
Misaligned morning and intermediate types took pictures of textbooks for the sleep influences
photo prompt. They described staying up late to study and work on schoolwork on a regular
basis.

Exercise
Very few participants in this study exercised. The aligned definite morning types
were the only participants who exercised everyday. They were also the only participants
in the study to include pictures to represent exercise in the sleep influences photo
prompt (See Figure 27). They exercised at the same time each day, first thing in the
morning, and engaged in more vigorous forms of exercise such as running, hiking,
push-ups, and lifting weights. Misaligned morning and intermediate types had more
variable and leisurely patterns of exercise. They exercised by swimming, walking, and
rollerblading to and from class 2-4 times a week at variable times. Evening types did not
exercise at all.
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Figure 27. Aligned definite morning types exercised first thing every morning.
Both of the aligned definite morning types took pictures of exercise for the sleep influences
photo prompt. They were the only participants in the study who engaged in moderate-tovigorous physical activity on a routine daily basis.

Resilience, Risk
Contrasting chronotypes based on chronodisruption made two distinctions readily
apparent. The presence of aligned evening types and misaligned morning types ran
counter to dominant narratives concerning expected variation in chronotypes. Thus, it
became necessary to more deeply examine the contextual circumstances of aligned
evening types and misaligned morning types. This inquiry was compulsory to produce a
more holistic understanding of the factors that influenced chronodisruption. Further, it
served to identify potential pathways for resilience and risk.
Through the course of looking more deeply into the juxtapositions inherent in
dichotomies between aligned evening types and aligned morning types, I realized that
intermediate types fit squarely into these comparisons. The aligned intermediate types
shared the same defining characteristics as the aligned evening types. Likewise, the
misaligned intermediate types also shared the same defining characteristics as the
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misaligned morning types. Therefore, intermediate types are included in the following
comparisons in regards to the contextual factors surrounding resilience and risk among
these participants. The factors identified through these comparisons include: blue light
awareness, blackout curtains, getting a full night’s sleep, using LED devices in an
audio-only format before bed, and listening to music first thing in the morning.
Aligned evening and intermediate types stayed up at night using LEDs until 23am when they could. Although staying up late past midnight using LEDs was
something shared with misaligned evening types, there were certain things that aligned
evening and intermediate types did were completely different. For example, aligned
evening and intermediate types had cut-off times for their nighttime activities. They
prioritized sleep over nighttime activities. They made sure to go to bed based on the
time they needed to get up in the morning, saying that they wanted to make sure they
were able to get enough sleep.
There were a number of other differences between aligned evening and
intermediate types and misaligned evening types. Aligned evening and intermediate
types also expressed awareness that the light emitted by LEDs was harmful. They
talked about steps to mitigate its effects such as dimming LED screens and using blue
light filters. They also were the only people in the study that talked about listening to
guided meditations and podcasts at night, as well as music first thing in the morning.
Compared to evening types, who stayed up past midnight because they “felt like
it,” morning types did not have that same inner drive to stay up late. They stayed up late
at night because they felt compelled to work on schoolwork, or because they did not
want to miss out on the fun their friends were having. The ones who worked on
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schoolwork at night either described feeling a lot of anxiety in regards to that
schoolwork, or they described school-related goals that they were striving for. The other
participants in the study did not.
These comparisons also drew attention to the use of blackout curtains and the
role of dawn’s morning light. For example, the participant with the second-highest level
of chronodisruption in the study was a morning type who said, “My room doesn't have
windows or a sense of time.” This participant had some of the highest levels of morning
and outdoor light in the study, something quite unusual for someone with misaligned
rhythms. It was so unusual that it begged the question as to why.
Another misaligned morning type provided a clue, and it related to the
importance of dawn’s light creeping into one’s room in the early hours of the morning.
She described how blackout curtains in the dorms caused her to sleep in:
I would normally wake up with the sun, but I can’t tell time here. In the dorms it
stays dark. I don’t know what time it is, so I sleep in later. If the room was bright, I
would wake up earlier… I don’t have blackout curtains back home, so I am up
with the sunrise.
Notice they both say their rooms do not have ‘any sense of time.’ As a result, both of
them described how this caused them to wake up and check their phone during the
night to see what time it was, whether it was light outside yet, and if it was time to get
up. They were two of the few participants who described waking up and checking their
phone during the night. Most other participants talked about actively trying to resist
checking their phones if they woke up, because it would make it hard for them to fall
back asleep again.
In contrast, the aligned intermediate type that displayed a long list of
stereotypically ‘evening’ type behaviors had the lowest ranges of ambient temperature
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and daytime/morning light exposure in the study, in addition to high levels of LAN. This
was unusual to find among the aligned participants, so unusual that it compelled
investigation. One thing that stood out, juxtaposed against the two cases described
above, was that she complained about dawn’s light coming in her window and waking
her up every morning:
My window wakes me up in the morning… There are no curtains in my room and
the blinds are insufficient, so as soon as it starts getting light it wakes me up.
Thus, dawn’s light emerged with the attractive potential to explain the outliers described
above.

Concluding Summary of Results
The overarching research question guiding this study was to uncover and
contextualize the proximate social factors influencing chronodisruption. Tied up within
this central research question, this study also sought to better understand how of social
zeitgebers might vary by chronotype, and how everyday experiences might explain
differences in chronodisruption between morning and evening chronotypes.
The social zeitgebers examined within this study varied little by chronotype
among the participants in this study. Similarly, the proximate social factors influencing
chronodisruption were quite similar between aligned and misaligned participants, and
across chronotypes. In the end, narratives in regards to everyday experiences became
the key piece that explained differences in chronodisruption.
Participant narratives of the everyday revealed that it was how participants
responded to and thought about the proximate social factors they encountered within
their daily lives that differentiated aligned and misaligned participants. This was
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especially the case in instances when morning and evening types were inclined to
respond to, and think about, the pressures and demands of daily life differently.
For example, misaligned morning and intermediate types tended to be more
stressed about school and also tended to stay up most nights studying as a result.
Following a different pattern, misaligned evening types expressed described immersing
themselves in LED use before bed in order to cope with stress. Another example is that
misaligned evening types delayed their bedtimes because they felt like it, and because
they didn’t feel tired, whereas misaligned morning types delayed their bedtimes either
for the purpose of studying, or because they didn’t want to miss out the activities their
friends were engaged in. These examples demonstrate approaches towards life that are
habituated and embodied and thus become manifest in the alignment, or misalignment,
of circadian rhythms.
The most effective summary of the results of this study derives from the
differences between aligned and misaligned participants and focuses on issues of
consistency and contingency. Aligned participants took a consistent approach to
structuring eating and sleeping around their daily schedules. Conversely, misaligned
participants structured much greater fluidity and variability into their eating and sleeping
patterns, which were contingent on how they were feeling and the external factors
surrounding them at any given moment. For example, deadlines, responsibilities, and
social demands were consistently described as sources of variability in the lives of
misaligned participants, whereas aligned participants instead talked about the strategies
they put in place to maintain greater consistency in how they accommodated those
demands into their daily lives.
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As a result, misaligned participants had greater irregularity in their eating patterns
and a flattened wrist temperature rhythm, whereas aligned participants displayed
greater eating regularity and greater rhythm amplitude in wrist temperature.
Furthermore, misaligned participants also showed contingency through a greater
preoccupation with nighttime LED use and scrolling (these trends were even greater
amongst misaligned evening types), and by sacrificing sleep for the nighttime activities
that they engaged in. This is contrasted with aligned participants, who described being
less preoccupied with nighttime LED use and scrolling, and who talked about having
cut-off times for their nighttime activities, both of which demonstrated consistency.
The results of this study described the manner in which a conglomeration of
internal and external social factors that coalesced to influence the dispositions, habits,
routines, and everyday rituals of participants. This became the primary site through
which patterns of consistency or contingency shaped the alignment of circadian rhythms
through the timing of eating, sleeping, and LED use. These differences became
manifest in the wrist temperature rhythm of participants in terms of its amplitude and
alignment with the sleep-wake rhythm. Thus, these various issues of consistency and
contingency allow us to organize and shape the conclusions drawn from this research.
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CHAPTER 5
DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

The importance of chronodisruption should not be underestimated, especially as
we learn more about the connections between sleep and other health issues. It is my
hope that this research will push anthropological theory forward to contribute meaningful
points at the intersection of biological and cultural anthropology. This discussion chapter
is structured to increase anthropological engagement with chronodisruption studies by
focusing on social influences while organizing that discussion to highlight connections
with physical factors like diet, environment, and technology. After discussing the major
observations drawn from the research data, I connect back to larger theoretical
discussions to place this discussion into a broader anthropological context. Finally, I
discuss the limitations of this research and recommendations for future studies.

Revisiting the Research Questions
In this section, I want to briefly review my research questions and address them
directly. This effort is a summary: many of the more specific details have been
discussed earlier in the text, while others will be expanded upon in this discussion and
conclusion. But by returning to my core research questions, I can situate these
discussions and conclusions within the framework of the overarching theory and paths
of inquiry.

172

The proximate social factors that influence chronodisruption were identified,
contextualized, and organized into a model that illustrates bidirectional, contingent
relationships between internal and external factors. The primary site through which
internal and external factors coalesce to influence circadian rhythms is through habits,
routines, and dispositions. The proximate factors that influenced chronodisruption
differed little between aligned and misaligned participants; instead, chronodisruption
was linked to how they accommodated those factors into their performance of everyday
life. The two overarching themes of consistency and contingency illustrated differences
in how aligned and misaligned participants responded to those factors.
Looking at chronotype brought a more nuanced and holistic understanding in
regards to the different pathways through which chronodisruption can manifest.
Although participants’ eating midpoint was the only social zeitgeber explored in this
study that differed by chronotype, the ways in which participants described their
everyday experiences differed strikingly between morning and evening types with and
without chronodisruption. These narratives illustrated patterns of consistency for aligned
participants and patterns of contingency for misaligned participants in terms of how they
structured their eating, sleeping, nighttime electronic device use, and physical activity.
Additionally, the narratives generated by participants revealed the presence of different
pathways leading to risk and resilience based on chronotype.
The unique combination of mixed methods and theoretical approaches used in
this study proved to be successful in answering my research questions. The Actiwatch
and iButtons captured measureable biological variables, whereas the participatory
visual methods and interviews drew out rich descriptions of cultural variables, while at
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the same time attending the phenomenology of the individual. In this manner, I was able
genuinely and authentically bridge cultural and biocultural approaches to embodiment.
Additionally, the specific orientations within biocultural anthropology leveraged in
this study focused my attention in terms of what data to collect, how to conceptually
organize it, and how to interpret the results. The broad ecological perspective,
combined with the concepts of embodiment, practice, liminality, and resilience defined
the scope of my inquiry in terms of potential causative social factors to consider. They
additionally provided a framework to organize the findings into a tangible model and to
reason about the interrelationships between factors. The model produced through this
work represents the beginnings of a cultural ecology of circadian rhythms, and serves
as a starting point for future studies to investigate the embodiment of social zeitgebers.
With this spirit in mind, I will now move into a deeper discussion of some points which
are of particular merit and interest.

Reconnecting to Larger, Theoretical Themes
Perspectives on embodiment within biocultural anthropology seek to explain how
social factors shape the physical experiences that manifest as health outcomes. More
colloquially, biocultural anthropology can help us to understand how social factors ‘get
under the skin’ enough to affect our health (Leatherman & Goodman 2020). Framing
circadian rhythms in terms of embodiment brought fresh insights into the ways that
social factors influence chronodisruption. This approach problematized biomedical
archetypes and highlighted alternative dialogues of risk and resilience. Additionally, one
of the goals of this study was to explore social zeitgebers as a mechanism for
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embodiment. I applied practice theory to bring deeper insight into the sociocultural
processes involved in the embodiment of social zeitgebers (Rouse 2007). This
approach also allows us to evaluate social zeitgebers measured in this study and to
identify additional social zeitgebers for future studies to explore.

A Critical Look at Circadian Typologies
The findings of this research problematize biomedical constructions of morning
and evening types. Morning types have been characterized as the embodiment of
healthy habits and productive citizens, whereas evening types have been stigmatized
as ‘poor citizens’ who lower productivity and burden our healthcare system with their
lack of self-control (Wolf-Meyer 2012, Fabbian et al. 2016, Makarem et al. 2020). Based
on a review of the literature, one would assume that all evening types have
chronodisruption and that all morning types do not. My research found this was not the
case. Chronotype did not track neatly with chronodisruption. I also found morning types
who displayed ‘evening’ type behaviors and vice-versa. Although some participants did
fit into the biomedical archetypes, the ones who did not draw attention to these models
as far from all encompassing. Where they succeed in terms of stigmatization, they fail in
terms of inclusion. The result is that true lived experiences, vulnerabilities, and
resilience fall through the cracks.
My research cautions against making similar constructions of people with aligned
and misaligned rhythms. It would be easy to generalize that aligned participants are
disciplined and responsible, and that misaligned participants are the opposite. However,
it would require cherry picking from the results to present them in that manner, because
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there were plenty of instances that portrayed the reverse. Further, it would confound
and obfuscate potential sources of risk and opportunities for resilience. It would also be
a disservice because the insights gained from a more inclusive treatment of the subject
would be applicable to all.

Resilience, Risk
After uncovering conceptual gaps in the biomedical archetypes outlined above, it
became necessary to fill in what had fallen through the cracks in previous studies. In
terms of risk and resilience, previous studies seem to conflate the two with character
traits, treating them as the products of intrinsic personal qualities (Antúnez et al. 2015,
Lee et al. 2016). This recreates the dominant biomedical narrative that morning types
have resilience and evening types are at risk, without exploring those individuals who
are the exception to the rule.
Instead, my approach examines risk and resilience as outcomes related to a
diverse causal web of interrelated factors that span from individual to sociocultural. The
biggest questions derived from my approach were: What puts some morning types at
risk? How are some evening types buffered? Investigation of these questions required
me to take a closer look at aligned evening types and misaligned morning types.
This inquiry served to identify potential pathways for resilience and risk, build a
more holistic understanding of the factors influencing chronodisruption, and produce
some of the most novel insights in the entire study. A major unexpected risk factor
uncovered was the use of blackout curtains. It was also quite unexpected that food
security was identified as a protective factor. Additional protective factors for future
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studies to explore include: making sure the body is adequately hydrated during the day,
getting a full night’s sleep, using LED devices in an audio-only format before bed (e.g.,
listening to audiobooks, podcasts, or guided meditations), and listening to music first
thing in the morning.
Although blackout curtains have been promoted by the sleep industry as
beneficial to sleep (Goldman 2016), the results of this study suggest they could make a
person more vulnerable to chronodisruption by blocking out the gradual changes in
illumination associated with dawn’s light. I was unable to find any literature that
suggested blackout curtains may negatively impact circadian rhythms, which
underscores the importance of my research. The implication that blackout curtains may
be linked to chronodisruption is particularly troubling considering the manner in which
blackout curtains are promoted for infant and child sleep (Paruthi 2020, Perkins 2018).
Infancy and childhood are particularly sensitive periods of development, and if blackout
curtains indeed do disrupt circadian rhythms, they may be a source of lifelong and
intergenerational adverse repercussions.
Blackout curtains may lead to chronodisruption through masking the gradual
increase in light associated with dawn. This lines up with literature in circadian biology
(Bromundt et al. 2019, Gabel et al. 2013, Danilenko et al. 2000). Outdoor light changes
in intensity and spectral composition throughout the day, as well as based on season,
cloud cover, latitude, and proximity to urban locations (Bromundt et al. 2019). Both the
gradual decrease in light at dawn, and the gradual decrease in light associated with
dusk are known to have powerful phase-resetting effects on circadian rhythms above
and beyond total light exposure levels (Walmsley et al. 2015, Danilenko et al. 2000).
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Thus, it appears having a gradual increase in light come through the window each
morning could be a strong enough zeitgeber to protect and buffer against
chronodisruption.
Another route through which blackout curtains may influence chronodisruption is
through increasing nighttime phone checking behavior. The participants with blackout
curtains (and the one with no windows in her room) complained that their sleeping
environments had “no sense of time.” This led them to check their phones throughout
the night in order to ascertain whether or not it was time to get up. This behavior
produces a bright pulse of melatonin-suppressing blue light that can negatively impact
sleep, as well as induce phase-shifts in the circadian rhythm (Chang et al. 2012,
Tähkämö et al. 2019). Thus, phone checking throughout the night combined with lack of
a gradual dawn signal likely both intertwine as factors disruptive to circadian rhythms for
those who use blackout curtains.
In addition to blackout curtains, food insecurity was identified as another potential
pathway leading to chronodisruption. This is also quite troubling given the high level of
food insecurity among college students (Nazmi et al. 2019, Allen 2019), and in the
population in general (Larson et al. 2020), which has also increased as a result of the
covid-19 pandemic (Gundersen et al. 2020, Laborde et al. 2020, Manfrinato et al. 2020).
It is also doubly troubling given the association between food insecurity and chronic
disease (Nagata et al. 2019), as well as between chronodisruption and chronic disease
(Abbott et al. 2018, Rijo-Ferreira & Takahashi 2019).
Among the participants in this study, those who were able to maintain regular
eating patterns all had aligned rhythms. It did not matter if they ate two times a day or
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six times a day, as long as the majority of their eating occasions occurred at regular
times each day. All students enrolled in the university dining program ate regularly and
had aligned rhythms (this included both of the aligned evening types). Those students
not enrolled in the dining program ate less regularly, partially due to financial reasons
outlined below.
Data from the photo food journals showed that students enrolled in the university
dining program ate nearly every single meal in the dining halls. Students who were not
enrolled in the dining program said that they often skipped or missed meals because
they did not want to spend money on campus. All of them had misaligned rhythms. One
participant did find an alternative way to cope and buffer themself. They purchased
snacks in bulk each week and always grabbed them as they were heading out the door.
Thus, they were able to maintain a regular eating pattern, without spending money on
campus, even though they had to be on campus for long periods of time each day.
Eating regularity is one potential pathway through which the university dining
program protected the students who were enrolled in it. Another potential pathway was
through having greater access to a variety of foods. The morning types typically chose
to eat healthier foods, including more fruit and salad. The evening types ate what may
be considered ‘less healthy’ food such as pizza, hamburgers, and french fries, however
those choices did incorporate protein, carbohydrates, and fat in each meal even if it did
lack fruit and vegetables. This may have been better, in terms of circadian health, than
skipping a meal or opting to eat a candy bar as a meal replacement simply because it
was available and inexpensive. Diet composition is known to have effects on circadian
rhythms (Lewis et al. 2020), therefore there may be benefits associated with regularly
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timed meals above and outside of whether or not they incorporate fruits and vegetables.
Future research should tease out the relationships between diet composition, timing,
food insecurity, and chronodisruption.
Additional insights were extracted through seeking out narratives of resilience
among aligned evening types. As a group, they routinely stayed up past midnight using
LEDs and routinely ate after 8pm, so initially it was somewhat of a mystery as to why
they did not have chronodisruption given the current literature (Ni et al. 2019, Gupta &
Khare 2020, Gupta 2019, Boege et al. 2020). Some things that they shared in common
were: they had a clear cut-off time for their LED use, they made sure that they got a full
night’s sleep, they listened to podcasts or guided meditations to help them fall asleep at
night (things that did not project light and that could be done with their eyes closed),
they listened to music first thing in the morning, and they had regular eating patterns as
well. Each of these factors may represent potent social zeitgebers that should be
explored by future studies in order to evaluate their usefulness in promoting circadian
alignment.
Explicit investigation of resilience among aligned evening types and risk among
misaligned morning types uncovered the most original, and surprising insights of this
entire study. The idea that blackout curtains could be detrimental to circadian rhythms is
deeply concerning, especially considering the manner in which they are widely
promoted for infant nurseries, and recommended for adults and children alike, in order
to get a good night’s sleep. Additionally, food security and making sure the body gets
adequately hydrated throughout the course of the day represent two viable means to
improve circadian health that are already well-promoted in health and nutrition spheres.
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Their linkage to circadian rhythms could further underscore their importance for human
health.
Looking at resilience among aligned evening types and risk among misaligned
morning types identified simple behavior modifications with potentially sizeable impacts.
Music first thing in the morning stands out as something that could easily represent a
strong entraining force for circadian rhythms (similar to morning exercise). This is
because the morning, just like the evening, represents a special window of sensitivity for
circadian entrainment (Dunlap et al. 2004).
Additionally, for people who have a hard time falling asleep at night, audiobooks,
podcasts, and guided meditations are excellent activities to replace nighttime LED use
that do not project screen light into the eyes. Using devices in an audio-only format prior
to bed allows melatonin levels to rise and induce sleepiness (Chang et al. 2015). The
nighttime rise in melatonin is also important for free-radical scavenging and the
prevention of chronic disease as melatonin suppression is linked to cancer and chronic
diseases (Imenshahidi et al. 2020, de Almeida Chuffa et al. 2019, MirzaAghazadeh
Attari et al. 2020). Therefore audio-only device use before bed may be a simple
behavioral modification with a large benefit.
Overall, the perspective of resilience was extremely valuable because it guided
analysis in a manner that produced fresh insights and new avenues to explore. For
example, this approach uncovered different causal pathways among morning and
evening types, generated new variables of interest in regards to sociocultural influences
on chronodisruption, and identified new potential behavioral interventions to promote
better circadian alignment. Giving special attention to the factors that put morning types
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at risk, as well as those that buffered evening types, filled in critical gaps missing in
previous research on chronodisruption. It also highlighted a future potential avenue for
further biocultural research on resilience within anthropology.
A final point to mention, in regards to the lessons gleaned from examining the
narratives outlined above that had fallen through the cracks, is that ethnographic “thick
description” is just as valuable as large sample studies that can demonstrate statistical
significance (Geertz 1973). Indeed, both are valuable and can serve to complement one
another. One specializes in depth, the other breadth, and together they can produce a
full picture.
My approach of giving special attention to aligned evening types and misaligned
morning types filled in what was missing in large-scale studies. Although studies with
large sample sizes are able to demonstrate statistically significant findings, something
else is given up in the process (Giddings & Grant 2007, Giddings 2006). The larger the
sample size, the greater likelihood of finding a statistically significant association, and
the greater likelihood that outliers and exceptions to the rule get lost in the equation.
Their existence in smaller numbers does not negate their importance, as the exceptions
to the rule uncovered through my research demonstrate. By taking a deeper look at
those individuals that do not fit the expected pattern, the opportunity to yield novel and
penetrative insights is seized.

Practice Theory
Practice theory facilitated a truly holistic approach to examine the spatio-temporal
dimensions and micro politics of the routine performance of everyday life (Glaskin &
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Chenhall 2013, Brunt & Steger 2008). There is a certain challenge inherent in seeking
to study everyday, quotidian behaviors that people take for granted and do without
thinking. They are challenging to measure, and even more difficult to interview a person
about, thus the unconsciously acquired habits and routines represent a “hidden”
dimension of life (Hall 1966, Wolf-Meyer 2012). The visual participatory methods used
in this study helped to reveal those hidden dimensions, and provided the reflexive space
for participants to view, contemplate, and discuss them. Practice theory provided the
framework to make sense of what was revealed. Specifically, practice theory helped me
to understand the relationships between the proximate social factors revealed in this
study, as well as the role each of them played in embodiment. It also provided a
framework to explore interactions between structure and agency, as well as individual
and society.
A major strength of this approach was that it moved beyond dualistic and binary
oppositions to witness the dynamic interplay between culture, biology, psychology, and
human agency (Rouse 2007). Specifically, my attention was drawn to the individual, in
terms of their internal emotional, cognitive, and motivational states; how that related to
their social, cultural, and biological inheritance; and finally how those factors coalesced
within human agency to influence bidirectional relationships between the individual and
larger macro forces, such as social structure, and culture itself. Thus, the behaviors
influencing chronodisruption were explored in terms of patterned practices, habits,
rituals, preferences, and beliefs simultaneously situated in the past, present, and future.
For example, critical discourses surrounding the circadian effects of structural
elements like work, school, and biomedical framings have typically portrayed them as
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oppressive forces that constrain and harm individuals. These narratives characterize
these social institutions in a negative light that does not adequately weigh human
agency. Practice theory facilitated a different, more holistic approach. This approach not
only showed ways that work and school can be protective, it also showed that individual
agency played a decisive role in how socio-structural elements were incorporated into
participants’ daily lives.
Practice theory was applied precisely because it seeks to understand behaviors
so quotidian that they lie largely outside of consciousness. The mundane, everyday
performances surrounding rhythms of eating and sleeping represent a hidden, almost
invisible dimension of our lives (Wolf-Meyer 2012). These habits and routines are
unconsciously acquired and reenacted often without any thought given to them. The
photo food journals combined with photo elicitation interviews provided the reflexive
space necessary to make these behaviors visible and to think about them critically. In
doing so, they also became an effective complement to my application of practice
theory. Thus, practice theory was useful for making sense of the data and answering my
research questions in part due to the unique constellation of methods employed within
this study.
For example, the photo elicitation interviews were excellent in drawing out
descriptions, narratives, and reflexive reasoning in regards to factors influencing the
timing and quality of participants’ eating and sleeping. Participants talked about their
childhoods, upbringing, and parents’ behaviors. They weighed the resources and
constraints present in their daily lives, and discussed them in relation to their own
individual goals, hopes, desires, habits, and preferences. Interview data truly did
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characterize circadian rhythms as simultaneously our past, present, and future legacies
as well as the nexus between the individual, family, society, and culture. The
conglomeration of these narratives demonstrates that to holistically understand the
sociocultural influences on circadian rhythms, they need to be viewed through the lens
of triple inheritance and practice theory.
I also would like to draw attention to the opportunity to expand literature on niche
construction and triple inheritance to consider temporal niches. Previous literature in this
area has mainly focused on insects and animals (Castillo-Ruiz et al. 2012, Hut et al.
2012). However, this line of inquiry is highly applicable to human behavior as well, and
has been applied by archaeologists (Attwell et al. 2015). Future research should
leverage practice theory and the study of circadian rhythms to explore niche
construction and triple inheritance from the perspective of the temporal niche. This line
of inquiry may show differences between morning and evening types in a new light.
Indeed, one recent study framed variation in chronotype in terms of temporal niche
partitioning of nighttime sentinel-like behavior among hunter-gatherers (Samson et al.
2017).
Likewise, future work should expand practice theory into spatiotemporal
dimensions. Little research has explicitly framed itself as such thus far (Southerton
2020, Blue 2019, Walker et al. 2020). My research carves a path for how to do this
through the study of circadian rhythms and social zeitgebers. Future studies should
further identify and explore each facet within the model of the proximate social factors
that influence chronodisruption (See Figure 14). In particular, the bidirectional
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relationships between each factor in the model need to be further contextualized and
elucidated.

The Embodiment of Social Zeitgebers
The concept of embodiment initially provided the impetus for this study.
Embodiment describes the process through which the social and material world
becomes physically incorporated through experiences, and in doing so structures health
outcomes (Dressler 2005). In this context, we can look at zeitgebers as stimuli out in the
world that become physically incorporated as they set the timing of circadian rhythms,
and in doing so structures health outcomes. Thus, together zeitgebers and embodiment
can shed light on the social production of health.
A further impetus of this study was to provide an encompassing mechanism for
embodiment. Although previous pathways have been explored, the majority of them rest
on the measurement of physiological outcomes such as blood pressure (Dressler &
Bindon 2000, Gravlee et al. 2005), growth (Bogin & Loucky 1997), or mental health
(Seligman 2014, Mendenhall et al. 2010). Each of the physical outcomes explored in
previous studies can fit into the framework of the circadian system, because the
circadian system regulates the vast majority of biological processes (Bollinger & Schiber
2014, Lewis et al. 2018). Thus, circadian rhythms can provide a unifying and
encompassing framework for embodiment that demonstrates not only outcomes, but
has the ability to trace the processes that produce the outcomes as well.
Following this model of a circadian framework for embodiment, zeitgebers
represent inputs to the system, which set the timing for central and peripheral clocks
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within the body, negotiate each other’s timing through crosstalk, and set the timing for
biological functioning within the body, which in itself structures physiological outputs as
well as health outcomes. Future studies should seek to identify and contextualize the
myriad of social zeitgebers that represent inputs to this system, and correlate them with
physiological outputs. For example, this study sought to link six potential social
zeitgebers (inputs) with chronodisruption (output).
Out of the six potential social zeitgebers examined within this study, eating
regularity showed the strongest association with chronodisruption. The other social
zeitgebers chosen for this study did not differentiate between aligned and misaligned
participants. This could partly be due to the small sample size as well as due to the
population being college students. It also suggests there is much work to be done in
terms of identifying new potential social zeitgebers. Based on themes that drawn from
the semi-structured and photo elicitation interviews, the following represent attractive
candidates: anxiety/stress, life satisfaction, cell phone screen time, LED use patterns
(minimal, secondary, sequential, multitasking), light pulses at night, dim light at night,
and temperature pulses.
Anxiety, stress, and satisfaction with life emerged as important variables in the
semi-structured and photo elicitation interviews. They impacted how long it took
participants to fall asleep, how hard they might work to get ahead in the evenings, as
well as the intensity and duration of their LED use at night. This was because
participants who were anxious, stressed, or unsatisfied with their present state of life
were more likely to stay up at night thinking about it, trying to distract their mind from
thinking about it, or trying to do something about it.
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Biocultural research on embodiment has explored anxiety and stress (Seligman
2014, Mendenhall et al. 2010), discrimination (Dressler & Bindon 2000, Gravlee et al.
2005), and lifestyle and status incongruity (McDade 2001, 2002, Dressler 1991).
However less attention has focused on overall satisfaction with life (Clarkin 2019).
Satisfaction with life has received considerable attention within psychological research,
particularly in regards to its linkages with sleep (Woodard et al. 2019, Ness 2018),
eating (Schnettler et al. 2019, Kitsantas et al. 2003), and chronotype (Jankowski 2012,
Randler 2008). Given those linkages, and the results from interviews in this study, future
studies should explore satisfaction with life as a potentially salient social zeitgeber.
Future studies that seek to explore the role anxiety, stress, and satisfaction with
life may play as social zeitgebers should utilize the following two metrics. One is the
Depression, Anxiety and Stress Scale (DASS-21) (Antony et al. 1998). DASS-21 is a
21-item questionnaire that uses five-point Likert scale responses to measure the three
constructs of depression, anxiety, and stress individually. It also produces a global
score that incorporates all three dimensions. The other metric is the Satisfaction With
Life Scale (SWLS) (Diener et al. 1985), which measures a dimension of emotions and
cognitive appraisals that is not captured by the DASS-21. Both DASS-21 and SWLS are
widely used and validated cross-culturally (Pavot et al. 1991, Zanon et al. 2014, Oei et
al. 2013), which will increase the generalizability of findings with other studies. Both are
also commonly employed in sleep studies and alongside one another (Blunden et al.
2019, Chong et al. 2017).
LEDs per night turned out to be a poor metric to quantify nighttime LED use.
However, LED use was on the right track. Results from the interviews suggest that
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smartphone use is of primary concern. This is a variable easily tracked through the use
of apps or the smartphone’s own built-in software. These programs automatically track
and calculate the user’s screen time and even generate reports that show how much
time was spent on each smartphone app. Another potential way to quantify nighttime
LED use would be the LED use pattern framework that emerged from the semistructured and photo elicitation interviews in this study. This framework quantified
participants’ LED use patterns as either secondary, sequential, or multitasking.
Deeper investigation into self-selected light-styles is also needed (Münch et al.
2020). It is surprising that this study did not find a stronger association between ambient
light and chronodisruption. Some participants indeed did fit the expected pattern,
meaning those with aligned rhythms were exposed to greater daytime light and less
nighttime light, while those with misaligned rhythms were exposed to less daytime light
and greater nighttime light. However, there were also participants for which these
variables were exactly opposite of what would be expected.
For example, there were misaligned participants with high levels of daytime and
morning light exposure. Additionally, there were aligned participants with low levels of
morning and daytime light exposure and high levels of nighttime light exposure. These
findings warrant further investigation to better understand hierarchies of entrainment
among various social zeitgebers. They suggest it is possible that light has fallen in
primacy as a zeitgeber for some people. If that is the case, it begs the question as to
what zeitgebers have taken its place, and how that may vary on an individual basis.
Conversely, if light is still the prime zeitgeber among all humans, then it is possible that
absolute levels of light are not what matters for entraining circadian systems, but rather
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it is onset/offset times, the gradual increase/decrease in relation to dawn/dusk,
nighttime light pulses, or prolonged dim light at night.
Nighttime light pulses and dim light exposure-time are viable potential social
zeitgebers to explore. Light pulses at night have been shown to have stronger
entraining effects than total light exposure (Fernandez 2019, Rahman et al. 2017). Dim
light at night has also been explored circadian disruption (Kernbach et al. 2019, Fonken
et al. 2013). Although the Actiwatch can measure dim light at night and light pulses, it is
not the most ideal apparatus to do so in a study that specifically seeks to quantify these
variables (Joyce et al. 2020, Martinez-Nicolas et al. 2011).
A major limitation of the Actiwatch in the measurement of nighttime ambient light
is the wrist placement of the light sensor. As a result of this placement, it can easily be
covered by a shirtsleeve or blanket at night. In this study, participants were asked to be
conscious of this and to leave it uncovered as much as possible. Even if the light sensor
is always left uncovered, being that it is on the back of the wrist facing out, it does not
register screen light from a smartphone or tablet being held in the hands and pointed at
the face. Further, the wrist placement also results in it not being good at registering TV
or computer light as well. Future studies can better investigate the effects of dim light at
night with a temperature/light data logger worn as a pendant on a lanyard close to the
eyes (Martinez-Nicolas et al. 2011).
Similar to light pulses, the results of this study indicate that temperature pulses
may indeed represent another important social zeitgeber. I noticed that some
participants occasionally came into contact with brief bursts of hot air over 100°F. I also
noticed that they typically happened around 5pm for participants who worked indoors all
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day. This led me to reason the temperature pulses were the result of entering a hot car
that had been sitting in the parking lot all day. Just as light pulses at night can produce
strong entraining effects on circadian rhythms, so can temperature pulses (Dunlap et al.
2004). Being that exposure to these temperature pulses is non-random and the source
of habitual, patterned, and socially influenced practices, it does provide an ideal
candidate as a social zeitgeber.

Liminality
The concept of liminality (Turner 1967, 1974) was applied to reconceptualize
sleep and college as transitional periods. Through the course of analysis, I also came to
understand food as a liminal object (Fuchs 2015). Liminal periods are characterized by
their heightened vulnerability and the intense social bonds that are formed as
individuals transition through them (i.e., communitas). This concept guided data
collection and analysis, simultaneously compelling me to examine how participants
coped with the heightened vulnerability of these periods, and directing me to examine
the ramifications of the intense social bonds that were created through shared social
proximity during these transitions.
Sleep is a highly vulnerable period (Klug 2008, Vogler 2008, Alexeyeff 2013).
Comfort items serve to ease the vulnerability associated with sleep and serve as
symbols to mark these periods and facilitate sleep onset (Kaji 2007). Comfort in relation
to sleeping environments was a dominant theme expressed by over half of the
participants. Whether it was related to temperature, blankets, pillows, or the bed itself,
the salient pieces of the material culture of sleep represented comfort and helped ease
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people’s transitions into sleep. One participant even made use of a wooden turtle as a
sleep knickknack (Kaji 2007) to help them sleep.
Another interesting sleep prop is the cell phone itself. Although most research
and sleep hygiene proscriptions frame having cell phones in the bedroom in a negative
light, Kaji (2007) actually described that they can bring a sense of security and
connectedness that can be reassuring to the liminal period surrounding sleep. Indeed,
the interviews with participants in this study painted cell phone use in both a positive
and negative light. Thus, future work should consider cell phones as both a source of
security and risk if they are to design effective behavioral interventions and health
education campaigns in regards to their place in the bedroom.
A final sleep prop to discuss is the use of a baby monitor. Much anxiety
surrounds an infant’s sleep at night (Alexeyeff 2013), especially with the very real and
highly publicized danger of Sudden Infant Death Syndrome (SIDS). Add to that anxiety
the concern over a baby sleeping alone in a nursery on the opposite side of the house,
as the one did that was in this study. The baby monitor then becomes the linkage
between the mother and baby, reassuring the mother that the baby is safe, and alerting
her when the baby is in need of care. Indeed, she often would wake from sleep just to
check the baby monitor, to make sure everything was okay.
However, just like the cellphones, the baby monitor represented a double-edged
sword. Although it provided comfort, thus making it easier to sleep, it disrupted sleep as
well. The baby’s movements and breathing were monitored by the mother as she slept,
and caused her to wake up often throughout the night. Additionally, the blue light from
checking the monitor had to have a negative impact on sleep as well. I argue the baby
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monitor represents a form of virtual co-sleeping, and that future studies should
investigate it as such, and to do so juxtaposing both the comfort and disruption
associated with their use. Highlighting this in future studies could also urge the sleep
industry to create sleep-safe baby monitors that do not emit blue light.
The college period was a great source of anxiety for the participants, and for
some graduation created even more anxiety. Although grades represented a large
portion of this anxiety, food insecurity was another source. One participant was
particularly anxious about their upcoming graduation, because that meant they would
“lose the safety net that they had grown accustomed to” (referencing financial aid
money that was used to buy food). Anxiety not only led to stress eating (Reichenberger
et al. 2020), it also kept participants up late into the night.
Aside from anxiety, social bonds created among fellow college students also
influenced the timing of eating and sleeping. For one participant in particular, who
described her roommates as her best friends, those social bonds changed everything
about her daily pattern. Back home she went to bed early, didn’t eat after 8pm, didn’t
snack, and she woke up with the sunrise and exercised each morning. In the dorms, her
behaviors synced up with her roommates in the exact opposite pattern. She stayed up
late, ate after 8pm, snacked around the clock, slept in, and didn’t exercise. Based on
these differences it sounds like she probably had an aligned rhythm back home, which
shifted to a misaligned rhythm as a result of the close bonds she formed with her
roommates.
This brings up the issue of food. Within anthropological literature, it is a given that
sharing food together intensifies social bonds (Gurven & Jaeggi 2015, Jaeggi & Gurven
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2013). Indeed, it can even be characterized as the material and behavioral
manifestation of social bonds. Likewise, co-sleeping has also been described as the
outward expression of intensely close social bonds (Musharbash 2013, Tahhan 2013).
Among the participants in this study, the greater the social proximity between people,
the greater the influence they had on the timing of eating and sleeping. This
communitas made sense in the case of sleeping, which is easily recognized as a liminal
state of consciousness. However, the linkage to food was less clear.
It was obvious through my analysis of the interview data in this study that there
was a communitas associated with shared food, but how was food liminal? According to
Fuchs & Phillips (2018) food is liminal because it exists simultaneously inside of and
outside of the body. It exists outside of the body, and is then physically incorporated into
the body, and yet even as it is passing through the body, it still remains outside of the
body (being encased in the digestive tract as it passes through, with nutrients and fluid
not truly crossing into the body until they are absorbed through the bloodstream). Thus,
I finally came to understand the ingestion of food as creating a liminal space.
The concept of liminality has been applied to sleep (Schwenger 2012, Koketsu
2018), college (Rademacher 2008, Bonner & Fred 2011, Bettis 1996, Buckingham et al.
2006, Deegan & Hill 1991), and even to food (Fuchs 2015, Fuchs & Phillips 2018). My
research extends this concept further, and demonstrates its utility for understanding
behavior, meaning, and ritual in regards how sleep and the college experience may
influence chronodisruption. I additionally argue that this concept can be further
extended to draw connections to the vulnerability associated with food (food insecurity
for example), the ways food is used to cope with anxiety (stress eating), and to better
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understand the ramifications of the social bonds that are forged and re-cemented when
people share food together.

Returning to Evolutionary Medicine Hypotheses
Evolutionary medicine seeks to explore mismatches between the present-day
and our evolutionary heritage (Williams & Nesse 1991, Nesse & Williams 1994,
Trevathan 2007, Gluckman et al. 2016). This perspective put forward the hypothesis
that chronodisruption was the result of a combination of increased time indoors
(resulting in exposure to narrower temperature and light ranges during the day),
increased LAN, and increased use of LEDs after sundown, all of which are
uncharacteristic of our evolutionary past (Gerhart-Hines & Lazar 2015). My research
found this to be the case for some participants, however the associations were not as
strong or prevalent as expected. It is possible that a larger sample size would produce
the expected associations at the level of statistical significance. Even so, the instances
where participants did not follow the expected pattern warrant deeper inquiry. They
draw attention to the future work that needs to be done to produce a holistic and
comprehensive understanding of the interplay between environmental and sociocultural
influences on chronodisruption. The remainder of this section will point to the
opportunities for growth in this domain.

Ambient Temperature, Outdoor Light
Based on literature in evolutionary medicine (Gerhart-Hines & Lazar 2015), I
expected to find a stronger association between ambient temperature and outdoor light.
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This was possibly due to the small sample or perhaps bias in the sample. Another
possibility could be that the circadian system is triggered more by the gradual increases
and decreases in light and temperature associated with dawn and dusk. Indeed,
interviews highlighted the importance of dawn creeping through participants’ windows in
the morning. Those who said they experienced this had aligned rhythms, and those who
said they did not had misaligned rhythms.
Additionally, looking at the ambient temperature plots, aligned rhythms did
appear to be linked with regularly timed gradual decreases in temperature in the
evening and regularly timed gradual increases in temperature in the morning.
Conversely, misaligned participants often showed irregularly timed or blunted
temperature fluctuations. These findings line up with literature in circadian biology that
has suggested dawn and dusk patterns indeed may be stronger entraining agents than
overall measures of light exposure (Bromundt et al. 2019, Roenneberg & Foster 1997).

LAN
According to literature in evolutionary medicine (Gerhart-Hines & Lazar 2015),
LAN and nighttime LED use were expected to have a strong influence on
chronodisruption. This was indeed found to be the case. However, there was far more
grey area involved in these associations than anticipated. Nighttime LED use, eating
after 8pm, skipping breakfast, and delayed bedtimes all clustered together as expected.
Finding participants with aligned rhythms that followed this pattern was completely
unexpected.
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Nearly everyone in this study used LEDs after sundown, ate after 8pm, went to
bed after midnight, and skipped breakfast. Again, this possibly could be because they
were college students. More than likely, it reflects a ubiquitous pattern of normalized
practice common to modern lifeways in the United States as a whole. Either way, it was
surprising to find aligned participants following this pattern. It was also surprising to find
participants who stayed up past midnight on LEDs that did not eat after 8pm. The
participants who stayed up past midnight without using LEDs were interesting
anomalies as well.
The instances of positive deviance described in this section warrant further
investigation. Given the metrics used to quantify nighttime LED use in this study, the
takeaway from the interviews was that intensity and multiplicity of nighttime LED use is
what mattered. That is what separated participants with and without chronodisruption.
These findings align with other research examining nighttime LED use among college
students (Chinoy et al. 2018, Touitou et al. 2016), some of which has indicated that
these effects may be more pronounced when devices are used in complete darkness
(as opposed to in conjunction with dim levels of ambient light) (Mireku et al. 2019).
Future research should explore the impacts related to the intensity and multiplicity of
nighttime LED use, as well as tease out the role of overall levels of ambient light in this
relationship.
Awareness of the effects of blue light was another variable that separated
participants with and without chronodisruption in a profound way. The aligned
participants indicated awareness that screen light from devices at night was “bad for
them,” whereas the misaligned participants did not. Additionally the misaligned

197

participants with moderate chronodisruption acknowledged that LED use had a
tendency to cause them to stay up later into the night, whereas those with higher levels
of chronodisruption did not. Thus, it seems awareness of potentially negative aspects of
LED use at night may lead to a more tempered approach to its use. I was unable to find
any studies that explored if this was the case specifically in regards to nighttime LED
use. However, a study among college students found that a health education
intervention reduced screen time and “internet addiction tendency” and increased
physical activity and breakfast consumption (Yang et al. 2020). Future studies should
seek to determine if LED education interventions are able to temper nighttime LED use
as well. If so, it could bolster future public health campaigns and health education
interventions.

Improved Data Collection Through the Biocultural Approach
Biocultural research within anthropology represents a powerful approach that
seeks to explore the dialectical interplay between biology and culture, situates it within a
broad ecological framework, and views it through a critical lens (Leatherman &
Goodman 2020). This approach enabled my research to leverage innovative mixed
methods to better understand how circadian rhythms, and thus chronodisruption, are
constituted from the sociocultural ecologies within which they are embedded. Photo
food journals and photo elicitation interviews drew out participant-generated
ethnographies that would not have emanated from traditional interviews alone.
Additionally, the combination of sleep actigraphy and wrist temperature measurement
rooted discrete quantitative variables in qualitative descriptions from interviews. It
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anchored personal testimonies and experiences to physiological variables in order to
bring documented evidence to phenomenological descriptions.

Effectiveness of Photo Food Journal and Photo Elicitation Interviews
The photo food journal and photo elicitation interviews drew out narratives and
insights that the semi-structured interviews alone would not have. The photo food
journal created a space for participants to think about their eating patterns reflexively
and critically. Some participants were very surprised by the patterns they discovered in
their own eating. The sleep influences photo prompt in particular brought out information
that the interviews did not.
I found that the photo elicitation interviews really got participants talking. They
drew out much richer narratives, as compared to the semi-structured interviews.
Participants also thought more deeply about the questions when given a photo that they
had taken to focus on. In the semi-structured interviews, sometimes participants would
gloss over certain details that later came up as important to them in the photo elicitation
interviews.
This was especially the case with the sleep influences photo prompt in regards to
things that disturbed participants’ sleep. On one hand, it seems that the photos
themselves provide a focal point to get participants talking more. On the other hand,
giving participants a prompt that they had time to go home and think about gave them
more space and opportunity to digest and reflect upon the topic. That was really
important for investigating the mundane aspects of daily life that are often not given
much thought.
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The photos taken for the sleep influences photo prompt were very useful in
understanding what factors participants saw as most important in their lives. This is
especially the case because they could only take five photos to represent things that
influenced their sleep. I noticed that if a factor was particularly salient for an individual,
they would take two, and possibly even three or four, pictures of it. For example, the
participant who was the primary caregiver of a two-year old took three pictures of her
son.
For example, evening types included two to four pictures of LEDs, whereas
morning and intermediate types included either one or none. Aligned evening types
included three to four pictures of LEDs, whereas misaligned evening types included two.
This potentially indicated nighttime LED use played a bigger role in the lives of aligned
evening types. Possibly they struggled more in regards to managing their use. This
could be the result of balancing their awareness that LED use was potentially
detrimental against their tendency to want to stay up late into the night (past midnight)
using them. LEDs were the number one thing participants took photos of, and the only
participants who did not include a photo of LEDs, instead included pictures to represent
schoolwork. This finding highlighted an alternative, less explored pathway to
chronodisruption that appears to put students especially at risk.
The photos in the photo food journal naturally compelled participants to talk
about their habits, routines, and preferences. Thus, the photos facilitated my practicecentered approach by making the mundane and ordinary visible. They allowed
participants to look at their behavior as a quasi-outsider, and thus to think about the
things they do without thinking. Participants tended to use the photos to talk about
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events that happened that day, and then typically went on to describe how that day
approximated or deviated from what was normal for them. They also used the photos to
discuss reasons why they weren’t able to eat when they wanted to, or what they wanted
to. For example, they talked about their ideals and goals for their behavior, as well as
the reasons why they fell short from what they would have preferred to happen.
Given all of the benefits discussed above, mobile food logging has been growing
in popularity. However, many of the apps that have been discussed in the literature
have limited adaptability, functionality, and applicability (Khazen et al. 2020). This study
appears to be the first to report on the utility of the YouAte app for field-based research.
The benefits of this app, in comparison to others, are its flexibility, adaptability, and
streamlined, attractive, user-friendly interface. The photos are added to the participant’s
timeline in real time giving the researcher instant access to the data as it comes in. The
researcher can change the default questions and optional answers for each eating
occasion. There is also an open free response section for each eating occasion that can
be used in a multitude of ways. Finally, there is a chat feature as well so that the
researcher and participant can text back and forth within the app. This is extremely
useful, because the researcher can monitor compliance remotely and send gentle
reminders if it appears that a participant seems to be forgetting to take photos. In
summary, this app goes above and beyond the expectations set forward by Khazen et
al. (2020) in regards to what to look for when adapting a mobile food logging app to
research purposes.
Overall, participants found the YouAte app to be very user-friendly. Some
participants enjoyed it so much that they kept taking pictures even after the week was
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over. A few participants found it hard to remember at first. One participant put a
reminder on their phone screensaver. They described it as an effective solution for
them, because they always checked their phone when they sat down to eat. A couple
participants did not keep their phone on them when they were at home. They were more
likely to miss evening and weekend photos as a result. They were, however, consistent
about writing down missed photos in the study diary.
The extent and degree of bias as the result of missing photos and unrecorded
eating occasions is unknown (Cordiero et al. 2015). Potential reasons include forgetting,
being self-conscious of taking photos in front of others, or deliberate omission of less
than desirable foods or eating times. In particular, data from this study suggest gettogethers and eating out with friends or colleagues may be times when eating occasions
are more likely to go unrecorded. This could possibly be due to the distraction of social
interaction and possibly the perceived awkwardness of taking a photo of food in a social
setting.
However, most participants did report that they were completely comfortable
taking pictures in front of other people. They also noted that it is indeed a common
occurrence today for people to take cell phone pictures of their food prior to eating it for
the purpose of posting them on social media sites such as Instagram and Facebook.
Given all of the strengths and weaknesses of this method discussed above, and that all
dietary recall methods have some form of drawback and selective reporting, I concur
with Cordiero et al. (2015) that the benefits of this method far outweigh any selective
bias concerns.
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The findings garnered through this study were made possible by the visual
participatory methods incorporated in this study. Specifically, the novel insights
regarding blackout curtains and hydration were the products of the sleep influences
photo prompt. The photos from the photo food journal enabled the objective calculation
of eating regularity based on the photo time stamps, and additionally drew out critical,
self-reflexive insights from participants.These methods served to balance the weight of
qualitative and quantitative data, the inductive and deductive approaches, and the role
of the participant and researcher in order to produce a work of research that took
seriously the basic tenets of cultural and biological theory within anthropology.

Combining Sleep Actigraphy and Wrist Temperature
The measurement of wrist temperature provided a valuable complement to sleep
actigraphy and the photo food journals. The wrist temperature data provided a means to
cross-check sleep actigraphy data for device removal. In addition, peaks in wrist
temperature indicating sleep were helpful to cross-check sleep times and identify naps.
The wrist temperature rhythm also provided insight into habitual sleep patterns. A
gradual, anticipatory increase in wrist temperature in the late evening indicated a
regular bedtime. Similarly, a gradual decrease in the morning indicated a regular
waketime. Conversely, a sharp decrease in morning wrist temperature indicated an
irregular waketime (Sarabia et al. 2008).
The wrist temperature rhythm brought deeper insight into eating patterns as well,
due to there being a brief peak in wrist temperature when participants ate. Plotting out
wrist temperature in conjunction with eating occasions provided a means of cross-
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checking eating regularity. This was possible because wrist temperature tended to peak
in anticipation of regular eating times, and that peak occurred even when the regular
eating occasion was missed (Sarabia et al. 2008).

Limitations
The main limitations of this study were the unexpected difficulty in recruiting
morning and evening types on a college campus, the small sample size, and that the
study sample represented only college students. I will first discuss the challenges
encountered during study recruitment and the resultant changes made to the sampling
strategy. Next, I will discuss the implications of this study’s sampling procedure and
population along with recommendations for future studies based on the limitations
presented herein.
Going into this research I was aware that chronotype follows a normal distribution
within populations, and that the majority of people fall into the spectrum of intermediate
types. However, I did not anticipate how few morning and evening types I would actually
encounter in my search for study participants. Due to the low numbers of morning and
evening types identified during participant recruitment, I adapted my study design to
include intermediate types as a comparison group. Although this is listed as a limitation,
it can also be framed as a strength because intermediate types make up the bulk of the
population. Even so, they have been omitted from the majority of studies that
investigate differences based on chronotype. As a result, many conclusions drawn on
the basis of chronotype may be only taking into account data gleaned from outliers. By
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including intermediate types as a comparison group, this research was more inclusive of
the general population.
Furthermore, during the course of my search for morning and evening types to
participate, I was quite surprised that virtually all of them were moderate morning and
evening types. Definite morning and definite evening types (extreme versions of each
chronotype) were incredibly elusive. Although I was able to recruit two definite morning
types to participate, I was not able to recruit any definite evening types to participate.
Definite morning types who did participate in this study showed a much different
(and exaggerated) pattern as compared to all other participants, including moderate
morning types. This raises the possibility and likelihood that definite evening types
would as well show a pattern quite exaggerated and unique unto themselves. Future
studies should take this into account to better understand how extreme chronotypes
differ from more moderate chronotypes in terms of the proximal social factors that
influence chronodisruption.
I also noticed during the street-intercept surveys that evening types were less
likely to volunteer to participate in the study. So, morning types were harder to find on a
college campus, and evening types were less likely to volunteer. Additionally, the
majority of respondents to the listserv study invitation were women. This created an
additional challenge in terms of keeping study groups balanced in terms of gender.
It is unknown what biases these factors may have introduced. Future studies
should plan to cast a wide net in terms of recruitment in order to draw in a sufficient
number of men, as well as definite morning and definite evening types. Tailored
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strategies used to reach hard-to-access populations and/or special incentives may be
necessary to get them to participate and successfully complete the study.
Next, I will discuss limitations in regards to the sample size and college students
as a study population. Due to the small sample size, the statistical procedures that were
implemented in this study were purely exploratory in nature. Their purpose was merely
to better understand how the data were distributed among the participants in this study
(Wasserstein & Lazar (2016). As such the p-values are interpreted with caution, merely
as indicators of things that might be interesting to explore in future studies. Furthermore,
being that the study population was college students, it was unclear whether or not
these findings will hold true for the larger population (Henrich et al. 2010). As such, the
results of this research speak specifically to the college experience of those who
participated in this study.
Rich, ethnographic understanding of the contextual factors related to
embodiment and circadian rhythms is important for understanding and ameliorating the
challenges facing this vulnerable population. College is a time period when health is
often sacrificed in the furtherance of future goals, a trend that becomes further
magnified among graduate students. The high levels of food insecurity among college
students (Nazmi et al. 2019, Allen 2019), combined with the high cost of college, and
the resultant student debt, place college students in a precarious situation, even long
after they have graduated. Additionally, college is a formative period in which lifelong
behavioral patterns related to health can become formed and cemented (Swanson
2016). These reasons draw attention to the importance of uncovering narratives of risk
and resilience in the performance of everyday life among college students in order to
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better understand how sociocultural influences shape chronodisruption and thus
structure health.
It is important to note that the goal of this study was not to measure variables for
statistical significance, nor to generalize the findings to the wider population. Instead,
my research sought to draw narratives of daily lived experiences that could be used to
contextualize, and problematize where necessary, the statistical associations that had
already been demonstrated in large, epidemiological studies. Additionally, this research
aimed to search out and identify novel targets of inquiry for future studies to explore.
Above all, the ultimate purpose of this study was to put together an approach for
anthropological investigation into circadian rhythms and the spatiotemporal orderings of
human experience, and to spotlight what anthropology has to gain from this endeavor.
A final point to mention is the increased necessity for this research given the
global pandemic of COVID-19. COVID-19 exacerbates the risks facing college students
outlined above (Marelli et al. 2020). College students are particularly vulnerable due to
the high risk for disease transmission on college campus (Lederer et al. 2020). The
greater population is now at increased risk as well, with the elderly being of particular
concern (Cardinali et al. 2020). Literature has already begun to explore how COVID-19
has increased food insecurity (Manfrinato et al. 2020, Gundersen et al. 2020, Laborde
et al. 2020), anxiety, increased nighttime LED use, and negatively impacted sleep
(Majumdar et al. 2020, Marelli et al. 2020). In addition, COVID-19 negatively impacts
circadian rhythms simply by altering patterns in the daily routine (Leone et al. 2020),
and for many people these alterations include reduced physical activity and reduced
exposure to outdoor light (Morin et al. 2020). Future studies need to explore the
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ramifications of these changes on circadian systems, and how they may exacerbate
already epidemic levels of chronic disease prevalence. Additionally, due to the role of
the circadian system in modulating immune response and melatonin production
(Cardinali et al. 2020, Shneider et al. 2020, Chen et al. 2020), future studies should
explore how strategies to improve sleep and circadian rhythm alignment may assist the
body in combating this disease.

Moving Forward and Suggestions for Further Research
This research has demonstrated the variety of experiences that relate to
chronodisruption, and has begun to address potential methodologies for exploring these
experiences. Still, much more research from the biocultural perspective is necessary to
shine a light on a biological process that is deeply situated in lived experience.
Ethnographic studies of the spatiotemporal patterning of sleep and eating are
greatly needed, especially as they sit at the intersection of biological and cultural
anthropology research interests. Specific attention should focus on the time just before
bedtime, first thing in the morning, and surrounding all eating occasions. Ethnography,
in conjunction with photo food journals, is also needed to better understand any
selective bias introduced by missing photos, including how and why some photos are
missed. For example, it appears that eating occasions that happen at home, social
gatherings, or nighttime might be more likely to be missed by certain participants.
Furthermore, evening types and people who do not always keep their phones on them
may be more likely to miss photos.
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In addition, this research calls for a repeated measures experimental study to
see if education on the dangers of blue light and/or the implementation of blue-blocking
glasses could shift people with misaligned rhythms into alignment. Nighttime LED use is
known to stimulate hunger, cravings for calorically dense, fatty and sugary foods, and
eating after 8pm (Reiter et al. 2013). Studies have shown that blue-blocking glasses are
a useful countermeasure for the alerting effects of nighttime LED use. They have been
shown to significantly attenuate LED-induced melatonin suppression in the evening and
may also influence the core body temperature rhythm as well (Heo et al. 2017, Shechter
et al. 2020). Future research should explore whether they can reduce chronodisruption
and curb night eating behaviors.
Moreover, the relationship between nighttime LED use and its effects on sleep
and eating need to be disentangled. It is well known that they are each associated with
one another via bidirectional relationships with mutually reinforcing causal loops.
Therefore, it was not surprising that this research found LED use after sundown, eating
after 8pm, skipped breakfasts, and delayed bedtimes clustered together. However, this
research also identified individuals for which these variables did not cluster together. In
addition, it is yet unclear why these variables were not associated with chronodisruption
among all of the participants in this study. Future research should explore the
relationship between these social zeitgebers and chronodisruption, because they
deviate from the current narratives and extant literature within circadian biology. Future
research should also seek to better understand aligned individuals who stay up late into
the night using LEDs without eating, as well as those who stay up late into the night
without using LEDs.
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Beyond this, the primary starting place for future biocultural research on the
embodiment of circadian rhythms should be to identify and investigate new social
zeitgebers as potential mechanisms for embodiment. I propose the following: blackout
curtains, daytime hydration, morning music, food security, anxiety/stress via DASS-21,
life satisfaction via SWLS, cell phone screen time (measured by cell phone app), and
LED use pattern (classified as secondary, sequential, multitasking). Metrics that can
quantify and distinguish between different intensities and durations of nighttime LED
use are also needed. LED use patterns and cell phone screen time as two potential
metrics to achieve this aim. Music in the morning, hydration throughout the day, and the
use of blackout curtains are probably the most interesting and novel potential social
zeitgebers to come out of this study. Temperature pulses and the gradual light changes
associated with dawn and dusk also emerged as excellent points of inquiry for future
studies to explore. Circadian biologists likely will find these as the two most interesting.
In particular, I find the issue of hydration to be quite intriguing. A quick review of
literature showed that hydration has been identified as important to sleep, however it
appears little research has explored its relationship to other circadian variables. For
example, dehydration has been linked with short sleep duration (Rosinger et al. 2019).
Additionally, renal function and body hydration status are regulated by circadian
rhythms (Johnston et al. 2018, Gizowski et al. 2017). This evidence suggests future
studies indeed should examine dehydration as a novel risk factor for chronodisruption,
and they should assess hydration status as a new potential therapeutic approach as
well.
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Future biocultural research should combine ethnographic and quantitative
methods to operationalize, measure, and contextualize the social zeitgebers identified
above. Additionally, one of the most important areas for future biocultural research
would be to further explore the link between food security and chronodisruption that was
uncovered in this study. It would also be interesting to re-examine some of the social
factors related to family and roommates in relation to new cohabitation realities caused
by coronavirus-required social distancing and work-from-home arrangements.
Moreover, future research could focus on core demographics, such as college
students, to examine chronodisruption. For example, university administrations would
likely be interested in better understanding the repercussions of college courses having
different start times on different days of the week. Would a broader sample size identify
people without chronodisruption who have classes starting at different times on different
days? If so, what strategies, habits, or routines might those people have that provide a
protective effect?
According to the results of this study, emotions, cognitive appraisals, beliefs,
values, habits, routines, dispositions, practices, other people, responsibilities, school,
work, and one’s developmental microniche all coalesced to influence chronodisruption.
The intrapersonal factors explored in this study presented themselves as embodied in
participants’ habitus, and that habitus is what set the status quo for how participants
accommodated the interpersonal factors into their daily lives. This research applied
embodiment and practice theory to leverage the concept of social zeitgebers to better
understand how social experiences become written on bodies and manifest in circadian
rhythms. This research also critically examined the concepts of chronotype and
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chronodisruption as biomedical constructions, and used that analysis to spotlight
narratives of risk and resilience that had fallen through the cracks. Further, the
evolutionary medicine perspective was also applied to guide study design and data
collection. It is surprising that the findings of this study did not line up with the
predictions posed by evolutionary medicine. Indeed, this indicates future work in this
area needs to be done.
Ultimately, the mixed methods utilized in this study were successful in exploring
the variety of eating and sleeping experiences associated with circadian alignment. The
innovative methods used in this research were successful in terms of triangulation and
cross-checking of data, as well as in drawing participants into the co-creation of data to
ensure that findings were grounded in participants’ experiences and critical reflections.

Concluding Thoughts
Overall, this study was truly enlightening and generated results that have broad
implications. Going into this study, I expected sleeping patterns, eating after 8pm, and
skipping breakfast would play the greatest role in chronodisruption. That simply was not
the case. Wrist temperature, as influenced by eating regularity, played the greatest role
among these participants.
This is significant because the majority of literature in regards to the role of
circadian rhythms and their influence on health focuses on sleep, especially literature in
the public sphere. The findings of this study call for a reorientation to explore the role of
eating habits and social influences on circadian rhythms.
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Additionally, I find the future applications of the innovative methods presented in
the study beyond exciting. The photo food journal and photo elicitation interviews
generated rich data that provided the perfect complement to the quantitative measures.
The sleep actigraphy and wrist temperature measurements were able to quantify and
capture the rhythms of life in a way that could not have been seen otherwise.
What all of these methods shared in common was that they provided a window to
see into people’s daily lives, that otherwise would not have been possible without timeconsuming in-depth participant observation. My goal here was to find a way to gain
those emic insights, move beyond simple interviews and self-report methods, and to
include participants in the co-construction and analysis of data. This study succeeded in
doing that and, in the process, produced some truly novel insights that demonstrate the
relevance of two separate fields to one another.
Hopefully this research has paved the way for increased anthropological
engagement with the concept of social zeitgebers, further exploration of the
sociocultural processes involved in the embodiment of circadian rhythms, and future
interdisciplinary collaboration between researchers in anthropology and circadian
biology.
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APPENDIX A:
IRB APPROVAL
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APPENDIX B:
THE STUDY DIARY

Morning Questions: Answer the following questions about last night.
1.

What time did you go to bed last night?

2.

What time did you get up for the day today?

3.

What woke you up this morning?
Alarm Clock

Household members

Had enough sleep
4.

Sunlight

Pets
Other:

Was your sleep disturbed by any of the following:
Noise

Stress/Thoughts

Household members

Pain
Pets

Other:

5. Yesterday did you take any of the following?
Caffeinated drinks (Coffee, tea, soda)
6. After sundown did you: (Check all that apply)
Watch tv
Use a computer
Use a tablet or eReader
Use a smartphone
Play a video game
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Alcohol

Sleep Medication

Bedtime Questions: Answer these questions at the end of your day
7. Did you take any naps or doze off during the day?
If yes, how much time total did you sleep during the day and evening
today?
8. Did you engage in physical exercise?
If yes, please describe what kind and the length of time:
9. Did you take off the activity monitor today?
If yes, what time and for how long?
10. Did you take pictures of everything you ate today?
Yes

Not Sure

No

If you missed any items please list them here, along with the approximate time
and place that you ate them.
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APPENDIX C:
THE YOUATE PHOTO FOOD JOURNAL APP

Figure 28. Question prompts for each eating occasion in the YouAte app.
For each photo taken in the YouAte app, these 6 question prompts are displayed. They
are quick and easy to answer with a simple tap on the screen.
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Figure 29. The YouAte timeline.
The YouAte timeline organizes all eating occasions chronologically, by day, with time
stamps next to each picture. It shows the fasting time for each night and time elapsed
between each eating occasion. The orange line is straight if people mark the meal as
‘on their path’ (of how they want to eat) and goes off to the side if the meal is ‘off their
path’ (of how they want to eat).
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Figure 30. Detailed view of the YouAte timeline.
The detailed view displays the answers for each of the question prompts next to the
photo. Notice the button on the bottom right to quickly toggle back and forth between
both viewing options.
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Figure 31. Summary screen on the YouAte app.
The main screen displays summary data for six question prompts, average overnight
fasting, average time between meals, average meals per day, and the percentage of
meals that participants mark as either ‘on track’ or ‘off track’ with how they want to eat.
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APPENDIX D:
QUANTITATIVE AND QUALITATIVE DATA COLLECTED IN THIS STUDY

Table 11. Quantitative variables measured in this study.
Variable
MEQ-r

Quantitative Data
Operationalization
<11 = Evening, 11-18 = Intermediate,
>18 = Morning

Category
Chronotype

Instrument
Survey

MEQ

<42 = Evening, 42-58 = Intermediate,
>58 = Morning

Chronotype

Survey

Sleep Onset

The time sleep begins (i.e., beginning of
sleep bout).

Sleep

Actiwatch

Sleep Offset

The time sleep ends (i.e., end of sleep
bout).

Sleep

Actiwatch

Sleep Duration

The total time asleep (i.e., total time
Sleep
scored as sleep from sleep onset to sleep
offset).
The percentage of time spent asleep during Sleep
the rest period containing sleep bout.

Actiwatch

Interdaily Stability
(IS)

Quantifies rhythm stability. Calculated
separately for sleep, wrist temperature,
ambient light, ambient temperature.

Circadian

Actiwatch,
iButton

Intradaily
Variability (IV)

Quantifies rhythm fragmentation.
Calculated separately for sleep, wrist
temperature, ambient light, ambient
temperature.

Circadian

Actiwatch,
iButton

Relative
Amplitude (RA)

Calculated separately for sleep, wrist
temperature, ambient light, ambient
temperature.

Circadian

Actiwatch,
iButton

M5v

The mean value of the five consecutive
hours with the highest values.

Circadian

Actiwatch,
iButton

Sleep Efficiency
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Actiwatch

Table 11. (Continued)
M5h

The midpoint timing of the five consecutive Circadian
hours with the highest values.

Actiwatch,
iButton

L5v

The mean value of the five consecutive
Circadian
hours with the lowest values.
The midpoint timing of the five consecutive Circadian
hours with the lowest values.

Actiwatch,
iButton
Actiwatch,
iButton

L5h

Circadian Function Quantifies rhythm robustness. Composite
Index (CFI)
score based on averaging IS, IV, and RA.

Circadian

Actiwatch,
iButton

Desynchronization The absolute difference between the
Index (DI)
midpoint of maximal wrist temperature
(M5h) and the midpoint of minimal activity
(L5h). Classified participants as aligned or
misaligned.

Circadian

Actiwatch,
iButton

Eating Regularity

The number of regularly timed eating
Social
occasions per day (occurring within one
Zeitgeber
hour of each other on at least 4 out of 7
days), divided by that day’s total number of
eating occasions.

Photo
Food
Journal

Eating Midpoint

The average midpoint timing between the
first and last eating occasion.

Social
Zeitgeber

Photo
Food
Journal

Eating After 8pm

The number of nights with at least one
eating occasion after 8pm, divided by the
total number of nights.

Social
Zeitgeber

Photo
Food
Journal

Skipped
Breakfasts

The number of days without an eating
occasion before 10am, divided by the total
number of days.

Social
Zeitgeber

Photo
Food
Journal

Time Above Light
Threshold (TALT)

Time spent in >1,000 lux (per day). Proxy
measure for time in outdoor light.

Social
Zeitgeber

Actiwatch

LEDs per Night

The number of devices used after
sundown.

Social
Zeitgeber

Study
Diary
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Table 12. Qualitative domains investigated in this study.

Instrument
SemiStructured
Interview

Qualitative Data
Domains of Inquiry
Questions specifically targeted eating and sleep habits; beliefs about eating
and sleep in regards to people in general and them personally; sleeping
arrangements and household makeup; weekly schedule, commitments,
responsibilities, hobbies, religious practice, and extracurricular activities;
thermostat settings, ambient light in the home, and LED use.

Photo
Elicitation
Interview

The photo food journal and sleep influences photo prompt were used to
elicit narratives in regards to persons, tasks, social demands, and social
structures that influence the timing of sleep and eating. Topics of particular
interest were school, work, family roles, responsibilities, goals, values,
emotions, motives, resources, norms, beliefs, status/gender differences,
and cognitive appraisals.

Study Diary

Each day participants logged any physical activity, if they had any sleep
disturbances the previous night, and what woke them up each morning.
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APPENDIX E:
THE SEMI-STRUCTURED INTERVIEW

1.

For people in general, what promotes a good night’s sleep?

2.

For people in general, what causes a poor night’s sleep?

3.

For you, what influences whether you get a good night’s sleep or not?

4.

For you, what influences the time you go to sleep?

5.

For you, what influences the time you wake up?

6.

What time of day should people eat their biggest meal?

7.

What is “good eating”?

8.

In general, what can cause people to eat unhealthy?

9.

For you, what influences whether you eat healthy or not?

10. How many people are in your household?
a.

Who sleeps in the same room as you?

b.

Who sleeps in the same bed as you?

c.

How many pets? Where do they sleep?

11. What is your typical routine before bedtime?
a.

What is your typical routine in the morning?

12. Who does the cooking in your household?
13. What does your typical daily schedule look like?
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14. What does your typical weekly schedule look like?
a.

Do you have any hobbies? When do you usually engage in them?

b.

Do you have time set aside for religious practices? If so, days/times?

c.

Extracurricular activities? If so, days/times?

15. Do you sleep with a fan on, or a sound machine?
16. Do you sleep with a light on?
a. Do you sleep with a nightlight or anything that gives off light in your room?
b. Do you fall asleep with the tv on?
17. Do you scroll at night?
a. Do you dim your phone at night?
b. What apps so you spend time on at night?
18. Where is your phone while you are sleeping?
a. Is it face up or down?
b. Does it light up or make sound if you get notifications during the night?
19. Do you scroll when you wake up in the morning?
a. What apps do you use in the morning?
20. What temperature is your thermostat set at?
a. Do you move it or keep it at the same temperature all the time?
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